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mental results to see how they might accord with this interpretation, 


ON THE “HEAT COAGULATION” OF PROTEINS. 
PART II. THE ACTION OF HOT WATER UPON | 
_ EGG-ALBUMEN AND THE INFLUENCE OF ACID 
_ AND SALTS UPON REACTION VELOCITY. By 
HARRIETTE CHICK, Assistant, Lister Institute of 


"Preventive Medicine, anv C. J. MARTIN, MB, DSc, FRS. 


| Director of the Lister Institute of Preventive Medicine. 


Ix our first communication on this subject), we showed that “heat 8 
coagulation was a reaction between proteins and water which progressed 


in an orderly manner, the reaction velocity being accelerated to 
an extraordinary degree by raising the temperature or by increasing 
the concentration of hydrogen-ions in the solution. In the case of 


hemoglobin the reaction was found to be of the first order, but with 


pure crystallized egg-albumen the rate of coagulation diminished more 
quickly as the reaction progressed than could be accounted for by the 
diminishing concentration of protein. -How far this falling off in rate 


was due to the observed simultaneous progressive diminution in acidity 


as the protein left the solution, we were unable to ‘ascertain; we 


- contented ourselves with the surmise that it might be so explained, 
but were unable to express the progress of the reaction by any simple 
formula. 


From an analysis of our results Sutherland arrived at the 
opinion that the data justify the conclusion that the heat coagulation — 
of egg-albumen is a reaction of the second order, the rate of the reaction 


att any moment being proportional to the square of the concentration — 
residual albumen = ke’ or the velocity constant 


where (, and O, represent the concentration of unchanged albumen 
at the beginning and end of the time ¢). We could not understand 
how Sutherland had obtained so constant a value for this expression 
from our experimental results. We had at the time tested our experi- 
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but with two exceptions (loc. cit. Exps, 5 and 6, Table V. p. 419) he 


constant fell continuously to two-thirds or one-half of its initial value 


during the progress of the reaction. We have again calculated the 


constant for the various experiments, and obtained values different from 
Sutherland’s, and on carefully going over his paper find that he has 
assumed that the reaction waS proceeding at constant temperature from 


the time when the albumen solution was placed in the thermostat. This 


assumption is unjustified, because by so doing the time, five to ten 
minutes, taken for the solution to warm up is heglected. Only after this 


has taken place can the reaction be studied. When this mistake is 


rectified the figures lend no support to the interpretation that in the 
case of albumen we have to deal with a reaction of the second order. 


Further, Sutherland has not considered change in reaction of the 


solution which is taking place all the time; this is a disturbing 


of sufficient magnitude to invalidate the argument. : 


Sutherland’s second deduction from our observations, viz.: that, 
over the range studied, the coagulation rate of egg-albumen is also 
directly proportional to the concentration of hydrogen-ions (as determined 
in the solution before heating), is subject to the same error, and when 
this is rectified the proportionality is approximate only over a small 
interval, 


The average velocity, as determined from the time occupied in 
reducing concentration of albumen from 6 to 3 mgs. per c.c. (loc. ct. 


Tables VI and VII and Fig. 7), when plotted against concentration of 
hydrogen-ions, gives a curve (Fig. 1) showing that the influence of initial 


a cidity on rate becomes progressively more marked as the former in- 


For example, change in the average velocity, on altering concentra- 


tion of hydrogen-ions from 25 to 50 x 10 normal, was in the proportion 


of 5˙5 to 105 or nearly 1 to 2. In more acid solutions a greater 


‘proportional change took place, and on increasing: concentration of 


hydrogen-ions from 125 to 250 x 107 normal, the average velocities 
were increased from 28 to 84 or 1 to 3 (see Fig. 1). SEO aay 


1 We do not think, however, that the exact relation of 3 velocity 
to hydrogen - ion concentration can be arrived at by such experiments 
as those published in our ‘previous paper. The conditions are too 
We also have evidence that in more acid solution still (hydrogen-ion concentration 


equal to 4000 x 10-7 normal) an increase of only 15 */, in concentration of hydrogen · ioua 
was sufficient to double the average velocity of coagulation. | 55 
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HEAT COAGULATION OF PROTEINS. - 3 


complicated. Both the concentration of protein and the concentration | 


of acid are changing all the time as the separation of protein from the 
solution takes with it acid or what amounts to the same thing possibly 
sets free abase. All we can claim for these experiments is that they 
show changes in acidity, in the region where concentration of hydrogen- 
ions is equal to 10-* normal to 10% normal, to exert a very potent 
influence upon the reaction rate, which accounts for the old established 
observation that increase of acidity lowers the “coagulation temperature” 
of protein solutions. 


of 


Fig. 1. Relation between average velocity of egg-albumen coagulation (in 1% solution) 
and concentration of hydrogen-ions in the solution. 8 
Ordinates sentration of hydrogen in terms of normality ( x 105). 
Absciss® average velocity of coagulation in mgs. per o. o. : 


5 of egg-albumen a reaction of the first order when 
precautions are taken to maintain concentration of hydrogen-ions — 


constant. 


“Enough has been said to show that it is hopeless to attempt to 


ascertain the nature of the reaction between hot water and egg - albumen 


unless the concentration of hydrogen - ions can be maintained constant 
during the observations. 


Our first endeavour to arrive at such constancy was to introduce as 


much as possible of a weakly ionised acid, such as Waun acid, in the 
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H. OHICK AND J. MARTIN. 
: pee that the amount of acid withdrawn during coagulation would not 
materially diminish the concentration of hydrogen-ions, i in other words 


that the large un-ionised fraction would act as a reservoir of hydrogen- 


ions. Accordingly an experiment was arranged in which coagulation — 


took place in a concentration of butyric acid equal to pyth normal. 


The method of experiment in this and all the subsequent experiments | 


in this paper was exactly similar to that described in our previous paper(, 


p. 408. The material used was a solution of pure erystallized egg- — 


albumen prepared according to the method of Hopkins and Pinkus@ 
and recrystallized. The 1*/, solution of albumen here employed con- 
tained 026 % of ammonium sulphate. The details of the experiment 
are given in Table I. 


TABLE I. VVV 
56˙2˙ C. in presence of excess of butyric acid; initial hydrogenton 


concentration = | 


= 107° (3370 x 107 N ) normal. 


Time, Amount Weight of Residual | ae 
minutes, of filtrate - coagulum, albumen, mgs. 
=t analysed, 0. 0. gms. per 

0 Control =o — 10°100 — 
S=t, 11-2 0628 6568=C, 
10˙¹ 14˙6 0554 3.795 0790 
12 18°83 0518 2-803 0742 
15 19˙2 "0363 1-891 0669 
20 50 0684 1°268 0535 


logarithms in-place of natural logarithms, 


The experiment was only partially successful for the concentration : 
of 4 was reduced by about 15% during the progress of the 


reaction, falling from 4070 x 10 normal at the moment of commencing 
turbidity, to 3370 x 10 normal after twenty minutes had elapsed aud 
most of the protein had been precipitated. We therefore tried to 


ensure constancy of acidity by working in a saturated solution of a 


very weak acid in presence of undissolved acid. For this purpose we 
chose boracio acid, which, even at a temperature of 50°C., at which 


temperature about a 9% solution is obtained, does not give rise to a 


concentration of hydrogen-ions too high for our purpose. In a saturated 


„solution at 51°C., the temperature at which the experiment was made, 
the concentration of ions is less ‘than N/1000, 
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Precautions were taken to purify the boracic acid used by re- 
crystallization. Excess of the crystals was added to a 1°5°/, solution 
of albumen, warmed up slowly to about 49°C. When the tube containing 
the solution was placed in the bath at 51°C. a small further excess was 
added, with the object of supplying a reservoir as the acid was removed. 

Under these circumstances five minutes was found adequate for the 
tube and contents to take the temperature of the bath. From time 


to time ‘samples were removed, cooled, filtered and the residual con- 


centration of albumen W in the ordinary ie 


TABLE II. 
at 511" C. in presence of saturated boracic acid; concentration of 
_ hydrogen-ions. constant throughout, = 10-*" normal (8000 x 


Time, Amount Weight of Residual 
minutes, of filtrate coagulum, albumen,mgs.  _ 0 om 0 
t 0. o. gms. per o. 0. C Log 0 
5=t, 12 “1248 10°358=C, — 
15 15 1906 8°707 0075 
30 19°5 1332 6-831 0072 
62 28°8 1098 9076 
101 80 0650 2°166 “0071 


Tube details are given in Table II. In the fifth column are given 
values of the velocity constant, calculated on the assumption that 
coagulation-rate is proportional only to the protein concentration. A 
very constant value is obtained, showing that this assumption is true 
and can be demonstrated if precautions are taken to prevent alteration 
in concentration of acid. The same result is shown in Fig. 2, where 
, logarithms of concentration of protein as ordinates are plotted against 
time as abscissae, and the experimental points are seen to lie on a 
straight line. 

The value of this velocity constant in other experiments where no 
effort was made to keep acidity constant (loc. cit. Tables II and V), 
decreased during the course of the reaction to from 1/2 to 1/7 of 
its original value. In the experiment with excess of un-ionised butyric — 
acid the decrease in the value of the constant (calculated in the same 

way) fell to 0°67 of its original value (last column of Table I). The 
relative change 1 in concentration of hydrogen-ions during this experiment 


1 By matching the tint with methyl-orange given by a saturated solution of boracic 
acid at 51⸗ C. with that given by a citrate mixture, according to the method of Sörensen. 
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was amiall, but it occurred at an acidity where small changes i in reaction 
have a very large effect upon coagulation rate. | 
We therefore conclude that, when freed from i | 
consequent on changing acidity, coagulation of egg- -albumen, 
ais we had found to be the case with hemoglobin, proceeds as 
a reaction of the first order, coagulation rate at any — 0 


; Ordinates = loz}, (concentration of albumen mgs. per 
| time in minutes. 


The following experiments were undertaken with ‘the. view of | 
- elucidating the more usual and complex case of egg-albumen coagulation 
where no precautions are taken to maintain a constant reaction through- 
out the process. The diminution in concentration of hydrogen-ions 
Wich takes place during coagulation was studied by measurements 
made after successive intervals of time during the process, and the 
corresponding concentration of residual albumen was also ascertained, 
The details of two such experiments, 1 und 2, are given in Tables 
III and IV, Exp. 1 made at 68°7° C. with an initial acidity of 135 x 107 
normal, Exp. 2 at 71°C. in the presence of a concentration of sodium 
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HEAT COAGULATION OF PROTEINS. 


chloride equal to normal and an initial acidity of 45 x 10 — 
solutions contained 0°26°/, ammonium. sulphate“. 
In both experiments free acid was progressively removed from hs 
„ together with the protein. The eoagulation of unit weight of 
protein does not remove quite the same amount of free acid throughout 
the experiment, but a less amount as coagulation proceeds. This might 
have been anticipated from observations in our previous paper), (p. 427) 
in which the amount of acid fixed by coagulation of one gram of protein 
varied from 0°5 x 10 to 459 x 10 equivalents, when the initial free 
acid in the solution was changed from 1 x 107 to 8590 x 10~ x normal. 
A chance relationship between residual protein and hydrogen-ion 
concentration emerges from an analysis of the data given in Tables III 


and IV. If these be plotted one against the other, the points fall upon 


a straight line or very shallow curve, so that over the small range ef 
acidity of these two experiments the two are nearly proportional. 

Further, within a portion of the range of acidity of most of our 
experiments on reaction-rate, an approximate proportionality also exists 
between velocity of reaction and concentration of hydrogen-ions, as may 
be seen from Fig. 1 above, in which the portion of the curve between 
the ordinates 10 and 10~ x normal is, within the error of experiment, 
linear. 

These two results explain tie fact that coagulation of egg-albumen, 
without compensation for varying acidity, may occasionally approximate 
to a reaction of the second order, see column 6, Tables III and IV. This 
is, however, merely coincidental for, as we have. shown above, the velocity 
of reaction uncomplicated by = in acidity is simply proportional — 
to protein concentration. 

This spurious relation of rate to square of psoteiitonodatention is 
due to the facts to which attention has just been drawn, that, over a 
certain range of acidity, rate of reaction is nearly proportional to 
hydrogen- ion concentration, which in ite turn is roughly es 


1 When the very slight acidity Ge- to 10-7xN) obtaining in these experiments is 
taken into account, an error is apparent owing to neutralisation of an appreciable amount 
of the acid by the soluble alkali contained in the glass vessel in which the coagulation was 
carried ont. A control experiment was made at 71° C. with a similar glass tube containing 
a solution of corresponding low acidity (88 x 10-7 x N), but containing no protein, and this 
was shown to be the case, the acidity being reduced to 11:2 x 10-7 N. Most of the decrease, 
however, (to 14°56 x 10-7 N) took place during the first 10 minutes, and since in experiments 
1 and 2, Tables III and IV, the determinations of concentration of acidity and protein 
began only after 10 minutes had elapsed, the error is not very great. It would, however, 
612 
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8 . H. CHICK AND C. J. MARTIN. 
to the concentration of protein remaining. Under these conditions, a 

reaction of the first order simulates one in which the reaction velocity 
at any moment is proportional to the square of the protein concen- 
tration, because owing to the nearly linear relationships happening to 
obtain between concentration of protein and hydrogen-ions on the one 
hand, and hydrogen-ions and reaction-velocity on the other, it is as if 
the concentration of protein affected the rate of reaction twice over. 
In the two experiments under consideration the value of the 


constant k = - - 48 65. where OC, = the initial concentration of protein, 


and © the concentration after time t, falls off only slightly as the 
reaction proceeds, In most of the experiments set out in our previous 


‘TABLE Exp. I. change i dering pation 


ofa egg · albumen at 68˙7 C 
0 Control — 9.750 — 
10=¢, 20 1560 7°800=C, 93 
14 28 “1744 6-228 024 00807 
20 419 20% 4897 020 42˙% 
87 44% “1860. 8-066 “01 


a 1% solution of crystalline egg-albwumen at 71° C., in presence — 
concentration of NaCl = normal solution, 


JJ 
0 Control = — 9-750 — — 45-0 

10=%, 19 “1785 9°395=C, — — 38˙⁵ 

80 ‘1511 7˙161 00 00166 16 ˙2 
100 86°83 140820 00039 00182 9°58 
810 s 716 1-884 00s 00143 2-07 
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HEAT COAGULATION OF PROTEINS 9 


paper), (Tables II and V), the constant decreased in value to a much 
greater extent. 

In some cases in presence of more concentrated salts, (see Table Vill, 
p. 19), a very perfect agreement happened to be maintained and 


coagulation proceeded in extraordinary sei with the — of 
a the second order. 


(2) on coagulation by hot water. 


It is an old observation that when protein is added to acid a 
diminution. of acidity and of conductivity takes place, and that the 
solutions become still less acid after coagulation by heat has occurred. 
Details of some observations upon this subject and some fresh experi- 
ments made by ourselves were given in our previous paper (loc. cit. 
Tables VII and IX). These experiments we have endeavoured to 

complete in the present instance. 

(1) Fiæation of acid by egg-albumen in the cold. That proteins 


form compounds with acids and bases was pointed out as long ago as 


1866 by Platnero, since when the reaction between proteins and 
acids has been studied by a variety of methods. As this only in- 
directly concerns us, and as the literature has recently been collected 
by Brailsford Robertson@, it is unnecessary to refer to it in detail. 
The observations of Bugarszky and Liebermann and Moore 
and Bigland@ on the equilibrium of proteins with acid, however, call 
for mention as they bear directly upon the point under consideration. 
Bugarszky and Liebermann determined, by means of the concentra- 
tion cell, the fall in acidity when varying quantities of protein were 
added to 005 N. HCI. Moore and Bigland placed a definite amount 
of protein solution and acid in a dialyser surrounded by a known 
volume of water and titrated the acid in the water outside the mem- 
brane after a sufficient time had elapsed for equilibrium. Both sets of 
- observers found that the amount of acid taken up by protein varies 
with the concentration of free acid, but it is to be regretted that in 
neither case were the experiments made with pure proteins. These 
experiments show that the acid combined We a maximum above 
which practically no more is taken up. 
The amount of acid fixed in the cold by a constant weight of pure 
_ egg-albumen in concentration of hydrogen-ions from 1 to 250 * 10 
normal was incidentally determined by us in our previous experiments«) 


< 
— 
ow 
ing 
9 

1. 

— 

— 

— * 

an 

* 

2 

— 

8 

Ay 

* 

ig 

4 * 

71 

2 

* 

75 

* * 

* J 

7 

* 

94 

5 

« 

— 

7 

1 

— 

ea 


10 . OHIOK AND ©. J. MARTIN. 


(p. 428). These observations have now been extended nearly to the 


point where the protein begins to suffer attack by the acid. Measured 


amounts of standard H,SO, were added to a fixed quantity of a 1%“ 


solution of pure crystallized egg-albumen; water was added to make 


each solution up to a constant volume, and about two hours allowed or | 


equilibrium to be reached. 
Following the method of Bugarszky and Liebermann, the actual 


| free acid was deduced from the observed concentration of hydrogen-ions 


in the solution, as determined electrically by means of a hydrogen 


concentration cell. The method was exactly the same as that already 


described in detail) (p. 422). As H,SO, is not completely ionised in 
the strengths with which we were working, we had to calculate the con- 
centrations of free H,SO, from our determinations of the hydrogen-ions 
present. For this purpose we took the values for the dissociation of this 


acid in different strengths arrived at by Kohlrausch’ from conductivity 
experiments. We plotted dissociated acid obtained from Kohlrausch's 


determinations against total, concentration of acid and drew a smoothed 
curve. From the curve we read off the concentration of 4 H,SO, 
corresponding to the particular hydrogen-ion concentration required. . 

Tue results of the experiments are given in Table V and graphically 
represented in Fig. 3, where equivalents of acid fixed per gram protein 


(x 10°) are plotted against the final concentration of acid (x 10*). The 


amount of acid combined rises rapidly at first, then more slowly, and 


from the curve, is apparently approaching its maximum in a concentra- 


tion of 0-03 normal 4 H,S0,,. 
From the tables given by Bugarszky and Liebermann the HOI 
fixed per gram of mixed egg-white proteins in equilibrium with different 


concentrations of free acid can be obtained. These values do not 
coincide with our own for equivalents of H,SO, and pure egg-albumen 


but are considerably less“. The general form of the curve obtained * 
plotting these values is, however, the same. 


The reversibility of this action between protein and acid ae 


demonstrated by Moore and Bigland@ (p. 40), and confirmed in the 
present instance. Two experiments were made (Nos. 9 and 10) to 


correspond to Experiments 5 and 6 in Table V; the solutions were 


made up to contain twice the concentration of acid and twice the 


concentration of protein that was Present in the earlier experiments. 
1 Landolt, Bornstein and Moyerhotfer. Physikal. shen. Tabellen, No, 


Berlin. 1905. 
H,80, probably combines to some extent as h. 
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HEAT COAGULATION OF PROTEINS. 11 
After contact for two hours, the solutions were both diluted twice with 


distilled water, so that they then became identical in every respect with 


the solutions of Experiments 5 and 6. The final concentration of 
hydrogen-ions was then measured in solutions ha and 10a, and agreed 
very nearly in each case with that of the corresponding previous 
Experiments 5 and 6. This showed that the absorption of acid in the 
2% solution was reversible and that readjustment took place on 


dilution. 
20. * 
<j 
1 


Fig. 8, -Fixation of acid (H,80,) by 0-95 „/ solution of egg-albumen at room temperature. 
Ordinates =equivalents of acid fixed per 0-95 gram protein (x 10°). 
Abscises = final concentration of acid in terms of normality (x 100. 


2 Further figation of ‘acid on coagulation. Earlier observations 


on the diminution of the acidity of protein solutions on coagulation 
were referred to in our previous paper, where (p. 427) we also recorded 
the amount of free acid fixed in our own experiments by one gram of egg- 
albumen in solutions containing varying concentration ‘of hydrogen-ions. 
Recently Sörensen and Jürgensen have also made similar measure- 


ments, and further shown that starting with amounts of acid giving the 
same hydrogen-ion concentration, the fall in concentration of hydrogen- 


ions is less with ‘a weak than with a strong acid. The smaller fall in 


hydrogen · jon concentration in the case of the weaker acid. might hav 
been expected, as the un-ionised fraction serves as a reservoir, — | 
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‘TABLE v. ogg-albumen (0-95 / — 
at room temperature. a 


Total volume in each case =52°5 aa. | 
* £33 428 15 115 a6. 
Basis ae - 888 
la 50 — 00094 N 
2 50 0-1 1905N ‘O71 071 188 
8. 50 0-2 8-81 196 196 861 
50 9°52 2-18 789 
50 10 19°05 6-78 7-86 1119 
2%, solution 
9 50 20 88 · 10 11-12 18-55 — 
9a Exp, 9, diluted twicewith 1906 6-55 1°55 1-150 
10 50 50 95-25 88-91 580 
10a Exp. 10, dilutedtwicewith 47°62 22-61 8116 1646 


; Ps In their single experiment bearing on this point, which appears to 
— have been made with undialysed egg-white solution, they found the 
3 total acid neutralised per gram of protein was approximately the same 

when they started with such amounts of hydrochloric, lactic and acetio 
acids as to afford the same hydrogen-ion concentration (Loc. cit. Table XII, 
p. 427). We have not obtained this result with pure egg-albumen, but 
as was found to be the case in our earlier experiments, the amount of 
acid which disappears per gram of egg-albumen coagulated is primarily 
a function of the hydrogen-ion concentration. 
_ Acomparison of Exps. 1 and 2, and 3 and 4 in Table VI below shows 
that the amount removed is dependent upon hydrogen-ion concentra- 
tion whether the particular acid be a strong or a weak one. With a 
concentration of hydrogen-ions equal to about 10 normal the amount 
withdrawn was greater with acetic than with hydrochloric acid, with 

a concentration equal to about 10-* normal the reverse was true, but 


1 From Kohlrausch's determinations of conductivity, Landolt, Bornstein and : 
Meyerhoffer. Physikal.-chem. 229 b. Berlin, 1906. 
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HEAT COAGULA TION OF PROTEINS. | 13 
it will be seen that 8 the removal of the acid in the case of 


hydrochloric produced a considerable in in case of acetic 


1 effect was much less. 


TABLE VL „ 
Concentration on coagulation of a 1:25 solution of egg-albumen 


228 — 88a EE 

& 3 3 24225 ait 

02 0-22 10-* normal 10-*7 normal 

(680 * 10-7 N) (106 107, 

„ 25 087 10% „ „ 0041 

(24600 x 10-7 N) (19500 x 107 N) 

8 O, 18-65 9-12 

⁰[ 

„ 990˙6 068 — 
8400 10-7 N) (22500 x 10-"N) 


Interpretation of the of acid on coagulation. 
The amphoteric character of proteins was explained by, Emil 
Fischer by their polypeptide constitution. As complex amino-acids 
they form salts with acids and alkalies, the acid joining on to the NH, 


group with change of the valency of nitrogen from triad to pentad, and 


the base displacing the H in the carboxyl. The salts with acids 


hydrolyse in water so that they are only stable in the presence of a 


small excess of acid. A further source of acidity is the dissociation of 
the hydrogen of the carboxyl group. 

When a protein salt with an acid, e.g. HCl, is dissolved in water 
a certain amount of the acid is split off by hydrolysis until equilibrium 
is attained. If such solution be dialysed the free acid passes through 


the membrane and a further hydrolysis occurs. In time the whole of 


I [hese amounts were calculated from the determinations of H“ ion concentration, 
which in the case of HCl are proportional to the concentration of acid, | | 


per. gm protein * 10 
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the HCl is removed and a chlorine-free solution is obtained which 
possesses a faint acidity, approximately 10 normal which apparently 
represents the electrolytic dissociation of the protein. 

If such a solution be heated to a sufficient extent to precipitate the 


egg-albumen, part passu with the separation of the protein, the aeidit) ,, 


as we have shown above, diminishes, 

The disappearance of this small amount of acidity could be ‘ade- 
quately explained on the supposition of electrolytic dissociation of the 
protein, for in this case the removal of the protein would also remove 


the hydfogen-ions, This explanation is the one adopted by Sörensen : 


and Jürgensen to explain their observation that if to the originally 
alkaline egg white solution HCl be added until the acidity equals that 
of a concentration of hydrogen-ions of about 10 N and then coagulation 
takes place, the acidity diminishes, but, nevertheless, the whole of the 
chlorine is found in the filtrate. They conclude from this that the HCl 
added to arrive at the iso-electric point was entirely occupied in the 
neutralisation of some base contained in the originally alkaline egg white 
solution, and none was available to form hydrochloride with the amino- 
group of the albumen. If their supposition were correct the solution 
would contain only the hydrogen salt of the protein, and chlorine 
combined with some base originally attached to the protein. In such 
a solution the whole acidity might, as they point out, be due to the 


electrolytic dissociation of the protein which is behaving as a weak acid. 


We tried to repeat these experiments of Sörensen and Jürgensen 
and to extend them so as to include the case of more acid solutions 
where salt formation between protein and acid undoubtedly exists. 
This seemed to us important because from their results it might be 


inferred that in the coagulation of solutions containing salts. of proteids | 


with acids the latter did not leave the solution with the precipitated 
protein. We found, however, that a solution of purified crystals of egg- 
albumen which has been dialysed until it is free of Am,SO, does not 


form a precipitate on heating in the presence of HCl. Precipitation | 
occurs, however, if neutral salts are added, but the amount of a 


chloride which is necessary to effect agglutination makes the total 


chlorides to be estimated in the filtrate so great that the determination 


of any loss of chlorine by the fixation of HCI is rendered uncertain. 
A very small addition of a sulphate of sodium, potassium or ammonium 
is able to bring about complete separation of the heated protein in a 
particulate form. In the presence of 0014 N. HCl and 0.36 / Na, S0. 
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HEAT COAGULATION OF PROTEINS. 15 


nearly the whole of the chlorine remained in the filtrate. On subse- 
quent experimentation we ascertained, however, that a corresponding 
quantity of SO, had combined with the coagulum. We therefore had 
- recourse to H,SO, for acidifying the solution of egg-albumen crystals — 
and a small quantity of Na,SO, was added to facilitate separation of 
the coagulum. Only a small amount of this salt is required because 
SO, assists the agglutination of denaturated egg-albumen much more 
powerfully than Cl. | 
In the following experiment, the precise details of which are set out 
in Table VII, 500 cc. of 1% egg-albumen was made up, containing an 
amount of acid which, in the absence of protein, would have made the 
solution equal to 0°05 N (4 H,SO,). It also contained about 0°1°/, of 
Na,SO,. The whole was placed in a Jena flask and heated with a 
reflux condenser in a bath of boiling water for 30 minutes. At the end 
of that time it was cooled down and filtered with precautions to avoid 
evaporation, Portions of the filtrate were taken for the estimation of 
total acid by titration with Both N. NaOH and phenolphthalein as 
| indicator, and for the — determination of total sulphates. 


: H,S0, to a solution of pure orystalline egg-albumen is precipitated as 
such on coagulation by hot water. 


fixed 


1% sol. 20 089 


& 


From Table VII it will be seen that 1 gram of egg-albumen on coagu- 
lation in 1%ͤ solution had removed 0°00105 bes uate: of acid and about 
10% less of 80. 

It is clear, therefore, that on coagulation of egg-albumen i in 
more acid solutions the bulk of the acid leaves the solution 
with the protein. In other words the salt is precipitated as 
such. 


The want of agreement between disappearance of acid and sulphate 
indicates that some base other than protein has combined with a 
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portion of the acid. The possibility of a trace of ammonia or di- amino- 


acid being split off during coagulation was considered, but excluded as 
the filtrate was found to be nitrogen-free. The only other sources from 
which a base could be derived are the ash of the protein and alkali from 
the glass of the vessel in which the protein solution was heated. The 
ash in our solution of protein was only 0°0016 gr. per gram of egg- 
albumen ; this, even if all composed of MgO or CaO, is a little short of 
the amount required for combination with the small excess of SO, found 
in the filtrate. On the other hand it is unlikely that such an amount. 
of alkali could be dissolved out of the glass of a Jena flask during 
30 minutes’ heating at 100° C. 

We propose to ascertain for certain whether the small amount of 8 
contained in our egg-albumen is indeed removed by boiling in this con - 
centration of acid. 
Another explanation of the loss of acidity on by 
the heating. This view, which was formulated by Michaelis and Rona( is quite 


inadequate to explain the large amount of acid disappearing from the more acid solutions 
of pure egg-albumen we employed, and the progressive nature of the disappearance, for it 


must be remembered that we were working with crystallized egg-albumen and not with 


diluted serum or egg-white. Moreover, in determining the hydrogen-ion concentration 
hydrogen was passed through the cell until a constant reading was obtained whereby CO, 
would be displaced. It is not possible to work with serum proteins in such acid solution 
as we employed with egg-albumen, owing to failure of agglutination, but there is little 
doubt that our results could be applied to serum proteids. | 

Sérensen and Jürgensen ) (p. 424) have also replied to this theory of Michaelis 
and Rona by showing that a diminution in hydrogen-ion concentration took place in 
solutions of egg-white and blood-serum where all carbon-dioxide had been previously 
. driven off by passing through a continuous stream of hydrogen in strongly acid solutions. 
They also showed that no extra carbon - dioxide was produced during coagulation. 

Our conclusions regarding the relation of acid and protein during 
beat coagulation of pure crystalline egg-albumen may be summarised 
as follows. 

(1) The amount of acid combined as protein-acid-salts, when 1 
is added to a solution of protein, depends on the concentration of free 
acid. Conversely, these salts undergo hydrolysis which accounts for the _ 
free acid always present in such solution: eg. with HCI. | 

Prot. HCl ==> Prot. + H+ +Cl-. 

(2) On treatment by hot water the protein-acid-salts are pre- 
cipitated as such; the percentage of acid combined with them being 
dependent on the acidity of the solution at the time of coagulation. 
(8) The interaction between egg-albumen and hot water, if cute 
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HEAT COAGULATION OF PROTEINS, 17 


(The velocity of the reaction is conditioned by seth acidity 
(hydrogen-ion concentration) of the solution. | 

(5) Unless precautions be taken to maintain the said of the 
solution at a constant level, the concentration of = acid en 
diminishes as the protein is precipitated. 

(6) The conclusions embodied in (3), (4) and (5) explain whe under 
ordinary circumstances the reaction between egg-albumen and hot water 
appears to be of a more complicated nature. 

(7) From (2) combined with (4), it appears that the original protein 
is acted upon by hot water less readily than protein-acid-salts, and further 
that these salts suffer attack at a rate which is dependent upon the 
amount of acid they contain’. If this is so, a satisfactory explanation of 
the progressive diminution of acidity during coagulation is forthcoming, 
as the separation from the solution of protein-acid-salt will disturb the 
equilibrium between hydrolysed and unhydrolysed salt. Some portion 
of the free acid and free protein will therefore combine. This e. 
menon will be progressive. 


The effect of salts upon “coagulation temperature” has been studied 
by K. V. Starkean, Haycraft and Dugganaa, Osborne and 
Campbellas, Joh. Starken, Pauli and Handovskyas and others. 
All these workers found that the temperature at which precipitation 
was first observed was raised with increasing concentration of salts. 

A higher “ coagulation temperature is, as was shown in our previous 
paper, an indication of the diminution of coagulation-rate” at constant 
temperature. 

In our experiments we studied coagulation-rate by the same method 
as before. Solutions containing 1°/, of albumen were made by dilution 
from a stock solution of egg-albumen crystals. The stock albumen 
solution contained Am,SO, so that the 1 / solution of egg-albumen 
had in addition to protein 0°26 °/, of the salt. It was not found necessary 
to get rid of this small amount of Am, S0. by dialysis, The rate of 
coagulation at 70˙9 C. was measured in the control solution and also in 
similar solutions containing in addition various quantities of sodium 
chloride and extra ammonium sulphate. In the case of the stronger 
salt solutions the time necessary for the experiments was so long that 
precautions had to be taken to avoid errors due to evaporation of the 


A possible catalytic influence of the hydrogen-ions cannot be exelnded. 
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protein solution. This was successfully done by using a rubber cork — 


and by filling a mixture of vaseline and paraffin wax into the glass 


bearing in the cork through which the stirrer passed. Under these 


conditions the loss of water was negligible. e 
The ooagula tion · rate was measured up to a concentration of three times 
normal (equivalents) in the case of ammonium sulphate and of sodium 


chloride, It was not possible to work with higher concentrations of salt 
as the rate of coagulation became too slow to study conveniently at 


70 00 700 300 78 380 


Fig. 4 Effect of addition of salt, NaCl and Am,S0,, in various concentrations, upon 


‘coagulation rate of 1% solution of egg-albumen at 70-9° C. 
—e— Experiments with NaCl. —o— Experiments with Am,S0,. 
ates =concentration of residual albumen in mers. per o. o. 3 
Abscisse = time in minutes. 


70°9° O., the temperature of experiment. The details of our results are 9 


„set forth in Table VIII below and are also graphically represented 
in Fig. 4, where the concentration of residual albumen in the differen 


experiments has been plotted against time. a 
It will be seen that the presence of salts greatly diminishes coagula- 


tion-rate. From the smoothed curves it appears that in a concentration 
of NaCl equal to normal the rate is only th, and in twice normal 
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TABLE VIII. Coagulation of 1 % solution of pure 88 


with original salt content (= 026% Am, S0.) and after addition of NaCl 
8 and Am, 80. in ing concentration at 70°9° C. 
| | 3 432 28 
Control 0 10 87 0455 65281 191 90342 
25 12 14 0622 4°448 225 0250 
16°17 20 0680 3˙150 0258 
0492 2˙460 92686 
80 50 0742 = C,, 1˙484 
12 1864 0690 4°480 
853 1200 3656 
2 28 •4 0618 2 •322 
269 0409 = C,, 1˙520 
8 NaCl N 12°5 "1214 9711 
81 16°5 1160 7°485 
67 20 1180 5650 
121 23°38 0964. 
Sll=t, 825 56640, 2-048 
4 NaCl 2N 10 li 1074 
142 12 104 8-617 
887 t, 15 141420, 7-614 
5 NaCl 10 ODontrol 
940 15 1258 8°888 
1420 18 1495 «8806 
9898 1501 7°505 
71 1466 C, 6-982 
6 Am, 80 1°03 N 18 11 0992 9°018 
20 20 1688 «8140 


105 =t, 1565 < C, 8°408 
7 Am80, 208N 10 86 0643 9506 
30 155. 1421 9,170 
81 10 0877 8770 
219 915 1549 7306 
99-4 1304 
Salt, 26˙4 1450 0, 5-498 
Am 80. 3808N 10 0966 9660 
11:3 1078 9°540 
210 162 1342 6819 
485 163 1485 9410 
1056 242 1892 7.819 
2405 =t, 35 4094 0, 4-841 


The values of the constant are calculated using the last 
standard, owing to the greater as regards 
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only Arth of that in the control. The effect of Am, SO. was somewhat 

less. This effect of salts is not due to any influence on the second phase 

of coagulation, viz. the separation of the altered protein in the particulate 

form, because in the samples drawn this was completed so that all filtered 

quickly and well, affording clear filtrates in which no further precipitation 
In the last column of Table VIII are given the values of 


! bie: O, the final concentration and O the concentration after time t 
has elapsed. Although the a — constancy, for 
reasons stated above, we 
consider this approxima- 
tion to a reaction of the 
second order (the re- 
action velocity at any 
moment being propor- 
tional to the square of 
the concentration of 
residual protein at that 
moment) is a mere co- 
incidence. This coin- 
eidence has, however, 
proved convenient, as it 

enables the effect of salts 

to be quantitatively ex- 00 „ 
Pressed by comparing 


the velocity constants 
characteristic of each 

When we plotted the 


Fig. 5. Relation between the consenteation of salt snd : 

logarithms of the ve- the coagulation-rate as measured by the velocity 

locity constants obtained constant. 5 

3 ; : Experiments with NaCl ; experiments with Am, 80, o. 
for different (velocity constant x 10°), 

tions of the same salt 4 trati of salt in terms of normality. 

against the reciprocal of 

the concentrations of salt, e the limits 0 and twice normal, the 


| W were very nearly in a straight line (Fig. 5), showmg that as 
See footnote to Table vm. 
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the concentration of salt in the solution is increased arithmetically the 
velocity of coagulation diminished geometrically. 

_ This relation, speculations as to the significance of which appear 
below, is maintained up to a concentration of twice normal NaCl and 
Am, SO,, but the observation with three times normal salt indicates that 
with stronger solution the effect of NaCl and Am, SO. becomes slightly 
less and slightly more! potent respectively. 

This great retardation of the rate of denaturation by neutral salts 
becomes of practical significance in the estimation of proteins by the 
method of De votoud. Two hours’ heating on a water bath at 100° C. 
does not complete the process in the presence of saturated Am, S0. 
The efficacy of Hopkins’an modification is due to the subsequent 
heating in dilute salt solution. The difficulty can also be got over by 
heating for 5 minutes at 110°C. in an autoclave. 

The effect of the addition of neutral salts upon the 8 
concentration of protein solutions. It occurred to us that the effect 
of neutral salts in slowing reaction-rate might be, in whole or in part, 
due to change in the hydrogen-ion concentration of the protein solutions. 
We, therefore, determined by the electrical method the concentration 
of hydrogen-ions in our egg-albumen solution, and the same made up 
to contain a concentration of NaCl varying between pyth normal and 


twice normal. The results are given in Table IX, and show that 


acidity is indeed progressively lowered with each increase in concen- 
tration of salt. The addition of an amount of salt to make the 


PARLE IX. Effect of addition of of NaCl “pon 


‘Coagulation velocity 
Concentration as measured by the 
of NaCl in terms "HE conaentration, in ve iy 
of normality terms of normali (from Table VIII) 
2N (19 0000935 


1 Pauli and Handovsky™), working with thoroughly dialysed ox-serum, found that 


tme effect of ammonium sulphate in hindering coagulation-rate (as measured by deter- 


mining “ coagulation temperature”) was reversed at a concentration between 2x and 8x 
normal. In the above experiments we find that the rate of lessening coagulation velocity 
is on the contrary increased. Further experiments with ammonium sulphate and a solution 
of pure egg-albumen showed a progressive slowing of coagulation-rate up to the point where 
precipitation was imminent, We have not made experiments with serum. 
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solution =N/10 had no appreciable effect, but in normal solution of 
NaCl the hydrogen-ion’ concentration was less than 1/2, and in twice 
normal solution was 1/7th of that of the control solution to which no 
salt had been added. The most obvious explanation of this action is 
that in presence of sufficient amount of salt the hydrolysis of the 
protein-acid-salt' is hindered. 


This effect of salt in lessening the acidity of solutions containing protein is inconsistent 
with the conclusions of other observers, derived from indirect methods of measuring 
hydrogen-ion concentration. Pauli and Handovsky(), using indicators, found that 
adding salts to an acidified solution of ox-serum resulted in an increased acidity. 
Hardy d found the same result with salt and ‘‘ acid albumen.” 

These observers appear to have been misled by their indicators. Pauli and Han- 
dovsky’s estimations of acidity were made by comparison of the colour given with 
indicators, such as methyl-orange and alizarine. The colour of indicators, | 
that of methyl-orange, has since been shown by Sörensen (4 (p. 240) to be modified by 
the presence of any considerable amount of protein. Michaelis and Rona c have 
found that the tint of an indicator in a solution having a patticular hydrogen-ion con- 
centration may also be influenced by the presence of salts, although the amount of 
hydrogen-ions as determined by the concentration cell remains constant. Different 
indicators are affected in different directions. With some, the addition of salt induced an 
apparently more alkaline reaction, e.g. litmus, with others a more acid reaction, ¢.g. 
methyl-orange and alizarine. The latter are the two indicators used by Pauli and 
Handovsky and Hardy in their experiments. 

We have repeated the experiments with the protein materials employed by these 
observers, using methyl-orange as an indicator, and obtained the same results as they did, 
that is to say, the change of colour invariably indicated increase in acidity. 3 

However, in every case where direct measurement of hydrogen-ions was made, the 
solutions were found to be made more alkaline by the addition of sodium chloride; this 
was true of experiments made over a wide range of acidity, viz. from 10-1. normal to 
10-** normal, or 189000 x 107 normal to 882 x 10-7 normal, roughly between N/100 and 
N/10,000. These results are set forth in Table X. 


Having ascertained that the addition of neutral salts to a slightly 
acid solution of protein produced a quite considerable diminution in 
acidity, it occurred to us that the fall in reaction-rate produced by salts 
might not be a direct effect of salts per se but be indirectly brought 
about through the diminution in hydrogen-ion concentration occasioned _ 
by their presence. We were somewhat strengthened in this opinion 
by the fact that we had previously discovered that within certain limits 
there exists a similar logarithmic relation, but in the inverse sense, 
between acid added to a protein solution and velocity of coagulation. If 
the logarithms of the average velocity in three experiments detailed in 
our previous paper ( Table VI, see also Table XI below), made with a 
Protein solution after addition of different amounts of acid per gram 

protein, be plotted against acid added, they fall upon a line, indicating 
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that as the acid varies arithmetically the velocity of reaction varios 
geometrically, 

From a comparison of Tables IX and XI, 3 it is seen that 
the diminution in acidity caused by the addition of NaCl is insufficient 
to account for the whole effect of the salt in lessening coagulation 
velocity, We were able to arrive at this conclusion because in the 
experiments set forth in Table XI a decrease in hydrogen-ion con- 
centration from 10% x normal to 10% x normal, caused by addition 
of alkali, the coagulation-rate (average velocity) was reduced to $ths. 
In one of our experiments — salt (Table IX) an almost e 


TABLE X. X. Ie of edition of Bal to a concentration of 1 % upon the 


with various acids. 


Acid per: N/10 na, of H* in terms 

Material 0%; added (or eg of normality 
Egg-white, diluted 1 in 32, 8 0 0 0 * 10. normal 
boiled; 5 0. 0. diluted to : 

C,H, 10 normal 
2 (827 1070 
8 ee 0˙7 12 10 normal 
x 10-7 N) 

8 0% Oo . 10-9 normal 

8 0˙7 108. normal 
VVV x 100 

Horse-seruam, dialysed, dl. 60 H 12 
luted 1 in 25; 25 0. 0. di- 
ot (178000 x 10-7 N) 


TABLE XI. Efes of change of acidity (induced by addition of different 
amounts of alkali to an originally acid solution) upon average coagulation 
solution at 69" 0. (from previous paper, 
Table 


n which 
„FF albumen was being reduced 
N/10 AmOH added in terms of normality from 6 mgs. per o. o. to8 mgs. 
(from Pig. 7, loe. eit.) 

10 normal (251 10 N)) "4225 

16 0522 
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similar reduction in acidity (hydrogen-ion concentration 1 from 
10 x normal to 10 „ normal) was caused by increasing the 


concentration of sodium chloride from normal to twice normal; in this 


instance, however, the velocity constant was reduced to nearly #,th of 
” value. 


It follows, 8 that a W of reaction byn neutral salts — 


is s produced i in two ways: 


(1) To a small extent by lowering the hydrogen-ion concentration 5 


of the acid protein solution. 
() To a large extent by some direct influence of strong salt 
| solutions 


This — is cumulative. If a particular addition of salt slows the 
rate 15 2 by a further addition oo an equal amount the rate is reduced : 


by 
The tendency for the alteration of coagulation-rate of 3 on 


addition of salt or acid to assume a logarithmic relationship to the 
salt or acid added is rather striking. It has been suggested tous by 


Mr W. B. Hardy that, assuming rate of reaction to be a function of 
total surface of particles of protein, such an effect would be produced 


if additions of salt and acid were to consistently increase and diminish — 

respectively the mean size of the molecular aggregates, whereby the 
total reacting ‘surface of the protein would be diminished logarithmically _ 
in the case of salt, and increased logarithmically in the case of acid, A 


similar explanation is suggested to explain the greatly enhanced effect 
of upon the of (see below). 


Effect of the presence of Am,80, on the temperature 1 
| of the reaction between egg-albumen and hot water. 


In our previous paper we showed that the temperature coefficient of 


the reaction called heat coagulation was, both in the case of hemoglobin 


and egg-albumen, an extraordinarily high one, viz. 1°3 times per 1° C. 
with the former and 1:91 per 1°C. with the latter. In the presence of 
a concentration of Am, SO. equal to twice normal the effect of temperature 
upon rate of reaction of egg-albumen appears from a comparison of the 
two experiments detailed in Table XII to be considerably less, viz. 1°57 
per 1°C. At present it is not clear what the significance of these high 

temperature coefficients is, or how the presence of salt modifies them. 
It has been suggested that the phenomenon * be related to some 
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change in the state of aggregation of the particles with rise of tem- 
perature, whereby the extent of the reacting surfaces is greatly increased, 
in — to the ! increase in molecule energy. 


TABLE XII. 
in solution in presence of concentration of A0. 
equal to twice (2:03 x) normal. 


Amount Concentration 
of filtrate Weight of of residual 


Tempera- minutes, analysed, coagulum, 

ture, O. st 0. o. grms. per o. 

75˙4⁵ 10 10 0907 9˙070 
15 15 1292 8618 *116 brs 
28 16°7 *1351 8-091 124 90115 
36 21°8 “1536 7-046 “142 00112 . 
50 $1°6 1959 “161 900105 
150 t, 8 0992 4062 C, 247 — 

| Mean 00118 


It is necessary to again emphasise the fact that complete “heat 
coagulation” of proteins (as investigated by the method of estimating — 
residual protein at successive intervals of time) consists of two processes: 

(1) the union of the protein and hot water (“ denaturation ”), 

(2) subsequent agglutination and separation of the product. 

The first may take place without the second, as when a 10% 
solution of serum or egg-white is boiled without adjusting the reaction. 
We have lately made a separate study of the agglutination process, the 
results of which will form another communication. We are convinced 
that in the above and in our previous experiments we have been in- 
vestigating the nature of the first process, uncomplicated by the second, 
for the following reasons : 
- (1) The samples as they were taken from the partly coagulated 
solutions filtered easily and clearly, and the filtrates showed no further 
change on standing. 

(2) The temperature coefficient of this first process in coagulation 
we have found to be extremely high, coagulation-rate being increased 
1353 and 1°9 times for rise of 1° C. in temperature in the case of he=mo-— 
globin and egg-albumen respectively, whereas we have ascertained that 
the temperature coefficient of the second process agglutination— under 
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circumstances in which this phenomenon is complete, is very much lower : 
about 2 to 2˙5 for 10°C. rise in temperature or 1°10 for 1°C. 
() The effect of salt supports the above conclusion, for whereas 
we find that the addition of sodium chloride and other salts facilitates — 
the separation of the “denaturated” egg-albumen in a particulate form, 
it has been shown above to greatly delay the rate of coagulation as 
studied by us. | 
Mie therefore conclude that agglutination-rate is here much in 
excess of denaturation-rate, and that the velocity of the latter is the 
limiting factor of the complete process in all our experiments. 


SUMMARY AND CONCLUSIONS. | | 
1. “Heat coagulation” of egg-albumen consists of two processes, 


() the reaction between the protein and hot water (“denaturation”), 


(2) the separation of the altered protein in a particulate form 
(agglutination). | | 
In the experiments which form the basis of the present and previous 
communications, it was always arranged that the rate at which (2) 
occurred was greatly in excess of that of (1). Accordingly, in our study 
of “heat coagulation” and the influence of various factors upon the 
rate of the reaction, we are merely concerned with (1), as this is the 
limiting factor in the process, | : 
2. The action of hot water on egg-albumen, which constitutes the 
first stage in “heat coagulation,” is, if means be taken to prevent 
change in acidity during the process, a reaction of the first order. ‘The 
same was previously found to be true for hemoglobin, | 
3. During the process, as the protein is precipitated, free acid is 
progressively removed from the solution. The consequent progressive 
diminution in the acidity of the solution accounts for the fact that the 
reaction appeared to be of a more complicated character. bine 
4, Further experiments on the fixation of acid by pure egg- 


albumen in the cold, showing the relation of amount of acid fixed to 


the acidity of the solution and the reversibility of the process are 

5. The extra amount of acid fixed by egg-albumen on coagulation 
and its dependence (1) upon the total concentration of acid and (2) upon 

acidity (hydrogen-ion concentration) has been determined. = 
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6. The disappearance of the small additional amount of acid on 
coagulation is explained as follows; coagulation disturbs the equilibrium 
between hydrolysed and unhydrolysed protein-salt since the unhydrolysed 
salt is acted upon by hot water and precipitated much more rapidly 
than the protein itself. This disturbance of equilibrium is adjusted by 
a corresponding diminution in the concentration of the products of 
hydrolysis, ie. a combination of the protein with free acid. In this way 
the free acid progressively disappears. 


7. The effect on coagulation-rate of the presence of site (NaCl 
and Am, S0) up to a concentration of three times normal has been 
studied and shown to greatly lower the rate of reaction. 

8. Up to a concentration of salt equal to twice normal the effect 


on coagulation-rate varies . as the additions of salt are 
varied arithmetically. 


9. The addition of neutral salts to an acid protein solution disturbs 
the equilibrium between protein and acid so that less free acid is 
present. The influence of salts in lowering coagulation-rate may be 
to some extent thus explained, but the major part of the effect must 
be due to some direct influence of the salts upon the system. 
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‘THE RELATION BETWEEN THE PHYSICAL, 
CHEMICAL AND ELECTRICAL PROPERTIES OF 
THE NERVES. PART V. THE ACTION OF 
CINCHONAMINE HYDROCHLORIDE ON — 
NERVE. By F. OB. ELLISON. 


(From the Laboratory of & Marys Hospital 
Medical 


Abrhobdn a very large number of substances have been applied to 
isolated nerve the action of the cinchona derivatives has received very 
brief consideration. Cinchonamine hydrochloride, which forms the 
subject of the present paper, has not, so far as I am aware, been studied 
at all in this connection and the results of immersing a nerve in a 
solution of this substance are of such an unusual kind that they 
deserve careful study, particularly from the point of view of the theory 
of the injury current. Waller and Veley have described the action 
of this drug on muscle, and from the results obtained Waller 
suggested that its action on nerve should be investigated, and I have 
much pleasure in conveying my thanks to him for the suggestion 
and to Prof. Veley for the gift of a considerable sample of the drug. 
Cinchonamine is an alkaloid belonging to the quinine group and was 
first described by Arnaud@. The form used was the anhydrous | 
hydrochloride prepared by Howard, in a N/100 solution in N/8 NaCl. 


Serie I. Effects on the injury current and. negative variation. 
be experiments were made on the sciatic of the frog, the nerves 
being dissected out some hours before they were required, and kept in 


N/8 NaCl solution. Both sciatics were always taken, that of one side 955 


being used for the experiment, the other serving for a control. The 
injury current was measured by balancing it against an equal and 
opposite current from a —— and the negative variation 
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observed by measuring the galvanometer swing as the result of tetani- 
sation using the apparatus described by Waller. The voltage of 
the negative variation was measured, when necessary, by calibrating the 
scale employed to differences of potential of 0001 volts and observing 
the number of scale divisions of deflection. 

The injury current and negative variation of two kept sciatics 
were first of all measured. One of the pair was then placed in the 
cinchonamine solution, the other being kept as a control in NaCl. 
After immersion for a time which varied in different experiments from 

ten minutes to an hour the latter time seeming to be the optimum, the 
nerves were taken from the solution and the electrical phenomena 
measured as before. A fresh transverse section was made before . 
the second or subsequent observations. 

| A resulted as follows : 


| Current of injury Negative variation 
(a) (0) 
initial @ initial final 7 
(a) Oinchonamine nerve 74 210 28 656 #0 0 
(8) N/8 NaCl nerve (control) 116 98 08 9 


Mean of five cinchonamine 

It is plain from this table that two effects are to be distinguished 
in the action of this drug (1) the effect on the current of injury, (2) the 
effect on the negative variation. : 

(1) The effect on the current of injury is typically a great increase, 

varying to a certain extent in different nerves, as compared with the 
control nerves kept in NaCl solution but amounting to a mean increase 
of more than double. This increase is not due to any “concentration 
of electrolytes” in the fluid as the addition of N/100 cinchonamine 
hydrochloride can alter the number of electrolytes to a minimal degree. 
‘The increase is comparable with that produced by chloroforming the 
cut end of the normal nerve but the action may quite possibly not be 
the same as the application of CHCl, to a ore nerve results 
in a still further increase. 


Exp. 2. | * 


8 The effect on the negative variation if sufficient time be 
2 (about 60 min.) is to abolish it altogether even e at the 
same time the current of injury is at a very high * : 
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30 F. OB. ELLISON. 
The action of cinchonamine HCl is in this respect unlike that of 


the other drugs which have been tested. It is Possible to obtain an 
abolition of negative variation with a current of injury but slighti7ß 


diminished, by the carefully graduated application of chloroform 
(Waller, Lect. on Anim. Electricity Pt 1). Also at the end of ‘three or 
four days a nerve will often give a current of injury of 40-60 with no 
negative variation, due to the gradual death of the nerve, but the 
exact relation of these observations to the results of cinchonamine 
still remains to be determined. 

The experiments in this series show therefore that by the action of 
the drug the current of injury is increased, and the negative variation 
abolished, and it is legitimate to conclude from these facts that the 
current of injury and the negative variation are not neces- 
sarily dependent, the one on the other, but may be separate 
and distinct phenomena. 


Series II. Negative variation and the nervous impulse. 

This series was undertaken to test the effect of the drug on the 
transmission of the nervous impulse. The experiments were conducted 
in either of two ways, First the gastrocnemius-sciatic preparation was 
so arranged that the central end rested on a pair of non-polarisable | 
electrodes. Between these and the muscle was a second pair of 
platinum electrodes and the muscle itself recorded its contraction by — 
means of a myograph. : 

By passing a current from an induction. coil n the 1 
electrodes the contraction of the muscle is recorded simultaneously 
with the negative variation in the central portion of the nerve. The 
nerve was then bathed in N/100 cinchonamine HCl and it was found, 
as in the previous series, that the negative variation was abolished, but 
even when this was the case, the muscle continued to contract as before, 
the height of the contraction being not markedly different from that 
of a normal preparation. 

The second arrangement was then made in order to ascertain 
whether the abolition of the negative Variation was centrifugal as well 
as centripetal, the nerve of the previous preparation which had given 
a good contraction of the muscle on excitation was cut across at its 
junction with the muscle and this peripheral cut end connected as 
rapidly as possible (apparently one minute) with the galvanometer. 
No 88880 variation occurred on excitation. A control experiment 
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was then carried out with the second gastrocnemius-sciatic preparation 
from the same frog, immersed only in NaC! solution. This gave, with 
identical conditions of electrodes and muscle, the vhs variation 
in both directions, 

A typical experiment gave the e result:: 


Exe. 8. 


120 172 86 4 0 0 


Curve of muscular contraction after negative variation had ‘de 
appeared = 30 mm. in height. 


Senres II (experiments). 


Injury current | 
fmi Negative variation Result on muscle, 
r — — ae A a mean of final 
124 117 , 108 5°8 0 55 mm. 


Tue time of i immersion in this series is much longer than in Series I 
(2-20 hours). 

The conclusion therefore is that cinchonamine hydrochloride 
abolishes the negative variation as shown by the galvanometer and 
does not abolish the conductivity of the nerve to the nervous impulse, 
or its excitability. It will also be observed that in the typical experi- 
ment the increase of injury current does not occur at the end of the 
nerve next the muscle, where the drug did not come into contact with 
the transverse section of the nerve; but at the central end, where the 
drug was applied to the transverse section as well as to the surface of 
the nerve, a considerable increase is observed (120-172) 


Series III. ode of action of cinchonamine 


| ‘This series was carried out at the suggestion of Professor Gotch. 
to see whether cinchonamine hydrochloride produces its effect on the 
injury current and negative variation by an action at the injured end 
only or by a general effect on the whole nerve. The drug was applied 
to the injured end on a small piece of cotton wool, being kept from 
spreading along the outside of the nerve by smearing the latter with 
vaseline near the injured end. The nerves were allowed to remain on 
the electrodes for 24 hours, in a moist chamber, and tested at intervals. 
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is not abolished, but is also increased. 


OBR ELLISON. 


The electrodes had been shown to remain in good condition ie a 
sufficient length of time. After remaining over night, a fresh trans- 
verde section was made and the electrical condition tested _— 4g 
A typical experiment gave the following results: e — 
Exp. 4. 


three 0 0061 000 0017/7 00066 0006s 00003 


It will be seen from these experiments that, as the result of 
applying N/100 einchonamine hydrochloride to the injured end only, 
the injury current shows the typical increase, while the negative 
variation is not abolished, but shows an increase of the same order 
of magnitude as that shown by the injury current. Before the fresh 
injury had been made it will be seen that the negative variation was 
actually greater than the total injury current at the same time. 

It will be seen on referring back to Series II, that when the drug 
was applied to the uninjured surface only and not to the cross section 
of the nerve, the negative variation was abolished while the injury 
current showed no increase, so that 1 in this — Series II and III 
are complementary. 


AND CONCLUSIONS. 


Cinchonamine hydrochloride has a specifically chic on the 
injury current and on the negative variation of frog’s nerve. 3 
_ When applied to the whole length of the nerve it causes a great 
increase of the injury current and abolishes the negative variation as 
observed by the galvanometer. : 

It does not abolish either the excitability or the conductivity of the 
nerve. 5 
When applied to the injured end only the effect on the injury 
current is the same, viz. an increase, the negative variation e 3 


When applied only to the uninjured surface, and not to the injured , 
end, the negative variation is abolished and the injury current is not 
increased. 

I conclude then, that : ? 

1. Cimchonamine hydrochloride affects injury current a 
local action at the — part. 
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2. The alteration in the concentration of electrolytes due to the 
presence of N/100 cinchonamine hydrochloride is not sufficient to 
account for this action. | 

3. The drug acts on the negative variation by 1 8 amen the 
excited part of the nerve. 


4 The injury current and the negative variation are independent 


phenomena. 


5. A negative variation does not necessarily accompany a nervous 


impulse. 


6. The action current may be greater ve total injury ü 
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‘THE OXIDATION OF ISOLATED ANIMAL TISSUES. 
By ARTHUR HARDEN HUGH MACLEAN. 


Crom the Lister: Institute. Biochemical Department) 
In the course of a former investigation), on the alleged post- mortem 
occurrence of alcoholic fermentation in animal tissues, it was found that 
no apparent formation of carbon dioxide from sugar was obtained when 
the experiments were conducted in an atmosphere of carbon dioxide or 
hydrogen. Since, however, the living tissues contain normally a con- 
siderable amount of oxygen, it was thought advisable to determine 
whether any evidence of glycolysis of this nature could be found when 
the experiments were conducted in an atmosphere of oxygen. In 
carrying out this plan it was necessary to determine the normal gaseous 
metabolism of the tissues, since it is well known that oxygen continues 3 
to be absorbed and carbon dioxide given out for a considerable time 
after death. A number of researches on this subject have been carried out 
by former investigators, but a perusal of the literature shows that the 
results obtained by different authors vary to such a degree as to render 
them useless for practical application; the very great variations in the 
results recorded indicated that no reliance could be placed on the 
averages of these figures, and it was therefore found necessary to investi- 
gate the subject from the beginning. | 
As will be seen the figures obtained in this investigation differ 
very considerably from those given in many of the researches already 
published, but on the wholg they are fairly consistent, and as the ap- 
paratus employed is capable of recording accurately differences of 1 c.c. 
of gas, it may fairly be claimed that under the conditions of the experi- 
ments the results indicate with a considerable degree of accuracy what 
actually takes place. | | 
The most elaborate and recent investigation on this subject has 
been carried out by Battelli and Sterna, but their results vary in an 
extraordinary manner, and it is extremely doubtful whether the method 
they adopted is sufficiently accurate. Unfortunately their description 
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ANIMAL TISSUE OXIDATION. 


of the e employed is so lacking in details as to render it very 
difficult to understand the exact manner in which their results were 
obtained. 
A s no very satisfactory method is described we found it necessary to 
construct an apparatus by which an accurate determination of the 
amount of oxygen absorbed and the carbon dioxide given out could be 
obtained. After several preliminary experiments it was found that the 
following arrangement answered exceedingly well, and after a little 
P very accurate readings could be obtained. 

Description of apparatus. The apparatus employed is a e 
tion and elaboration of a form previously used by Thompson in this 
laboratory, for estimating the gaseous metabolism of micro-organisms o. 
An arrangement was adopted whereby a continuous stream of oxygen 
could be circulated through the apparatus. The whole was closed and 
air-tight, and at one point in the circulation a vessel containing strong 
standard potash was introduced; at another point was placed .a flask 
containing the minced up organ. The oxygen passed through the 
minced tissue and afterwards through the potash, so that any carbon 
dioxide derived from the tissue was immediately absorbed by the alkali, 
and could subsequently be estimated. Any oxygen absorbed by the 
tissue was indicated by a scale on a burette so that the amount of 
carbon dioxide given out and the amount of oxygen absorbed in ~~ 
oe time could be readily determined. 

The details of the apparatus are as follows: 

_ ‘Two ordinary nitrometers, A and B (Fig. 1), were en sik to the 
upper end of each a two-way tap (C and D) was attached; in the photo- 
graph given below (Fig. 2) these taps are sealed on, but the attachment 
can be more easily made by means of rubber stoppers (the two lower 
taps seen in the photograph belong to the nitrometer and are not 
necessary for the purpose of this apparatus). The nitrometers are con- 
nected by rubber tubing with reservoirs filled with mercury. Another 
two-way tap (E, Fig. 1) is seen on the left of the sketch; this is 
connected with the potash flask by the tube F, while on the lower side | 
it opens into nitrometer A or B, according to the position of the tap. 
A three-way tap H is connected with both nitrometers and through 
another three-way tap K with the flask in which the tissue is placed, or 
with the air, as desired. When the taps are in the position represented 
in the diagram, and the reservoir of B raised, it will be seen that there 
is direct communication between nitrometer B and the flask containing 
the minced organ W througb 
3—2 
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afterwards passing through the potash bottle and along tube F to 


along the shaded path to nitrometer 


has been passed through, tap E is 35 
replaced and taps K and H opened st el 


oxygen is passed, tap K is turned round to connect the flask with 


differences of temperature the whole is left for ten minutes, and then 


3% 4. HARDEN AND N MACLEAN. 
from B would pass up along the unshaded tubes through the flask, 


nitrometer A. By reversing the positions of the reservoirs and of all 
the taps except K, oxygen would pass from nitrometer A along the 
shaded path to H, then round the circuit as before to tap E, and finally : 


B. In this way by alternately 
raising and lowering the mercury 
bulbs and reversing the taps a con- 
tinuous circulation could be kept up. 
The photograph shows the actual 
apparatus used in the experiments. 
When an experiment is to be made 

the apparatus is connected by means 
of a rubber tube with a cylinder 
containing oxygen. Then tap K is 

turned so as to allow oxygen to pass 
along to the tissue and potash 

flasks, and back to tap E, which is 
removed; when sufficient oxygen 


towards one of the nitrometers. 
The mercury reservoir of this nitrometer is now lowered, and the 
nitrometer filled with oxygen to the desired level. When sufficient 


tap H. In the photograph (Fig. 2) nitrometer B is seen partly filled 
with oxygen, while A is filled with mercury. Both nitrometers are 
graduated in fifths of a cubic centimetre. The flask for the tissue to be 
investigated is placed in a water bath kept at 37° C. and is connected © 
with the circulatory apparatus by means of a tight rubber stopper 
through which pass an inlet and outlet tube. A weighed amount of 
substance is now quickly placed in the flask, some more oxygen passed 
in, and the stopper tightly replaced. To allow for changes caused by 


oxygen is circulated until a constant reading’ is obtained. This gener- 

In connection with this point, a constant reading is obtained only in cases ‘where 
oxidation is slow. At the beginning of the experiment the expansion of oxygen gives an 
increase in the readings, and when this passes over there is a steady decrease in proportion 
to the activity of the tissue. Equilibrium is therefore considered to be attained when 
either constant or steadily decreasing readings are obtained. ; 
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ally means that oxygen has to be circulated about fifteen to twenty 
times, and occupies about five minutes, After a constant reading is 
obtained the flask is removed from the bath at frequent intervals and 
shaken vigorously. At the end of the experiment oxygen is again 
circulated till a constant reading is obtained, while during the experi- 
ment it is also circulated at frequent intervals in order to prevent any 
possible accumulation of carbon dioxide and give the maximum chance 


| 
for oxidation to occur. The difference between the first and final con- 
stant readings gives the amount of oxygen absorbed by the tissues, 
whilst titration of the caustic potash indicates the amount of carbon 
dioxide given off. Though the apparatus seems a little complicated it 
is really not so in practice; it is easily fitted up and works well. 

As there was a tendency for some mercury to pass up the smaller 
tubes, small bulbs with traps were employed to overcome this difficulty. 
They are seen in the photograph immediately above — taps corre- 
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EXPERIMENTAL. 


the carried out an was to 


determine the amount of carbon dioxide given off as the result of oxida- 


tion by the absorbed oxygen. It is well known that animal tissues, 


even in the absence of oxygen, are capable of giving off considerable 


amounts of carbon dioxide under the conditions of the experiment, but 
especially when boiled for some time with weak acids, Pfltigerw.and — 
Stintzin go obtained very large amounts of carbon dioxide from tissues 
treated in the latter manner; in many cases 100 gms. of rabbit muscle 


yielded over 100 cc. In our experiments however we failed to obtain 
such large quantities though the method adopted was in many cases 


practically the same as that used by the above observers, The tissue 


was taken as soon as possible after death, minced up very quickly, 


washed, and placed in a flask ; some acidified water was then added and 


the mixture boiled for 14 to 2 hours, The carbon dioxide was collected 


in standard potash and estimated by titration, The following figures 


indicate the total amount of carbon dioxide obtained from fresh minced 
musele when treated as described. 


1 Rabbit 12 
8 10 100 16˙24 
4 Gaines: (with bones) 178 97˙8 


In many other experiments done with rabbit's muscle the average 
amount of carbon dioxide obtained varied from 16 0.0. to 25 cc, per 
100 gms. of muscle. 


In order therefore to determine the true oxidation it was necessary 


to estimate the total carbon dioxide evolved by boiling with weak acid 


in a control experiment. At the same time an equivalent weight of 
minced tissue was placed in the flask of the apparatus and kept in the 
presence of oxygen for a given time. The carbon dioxide given out and 
‘the oxygen absorbed were then estimated, and the tissue subsequently 
boiled with weak acid in the same way as the control, the amount of 
carbon dioxide obtained from this being added to that obtained from 


the tissue incubated in oxygen. The total amount minus the control 


carbon dioxide gave the carbon dioxide formed by oxidation. This was 
generality ney the same as the oxygen absorbed, though certain 
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variations were found; the respiratory quotient varying from about 
09 to 1˙3. An example of such an experiment is given here. 
ar. 1. 60 gma minced muscle obtained immediately afer death wer 


— for 13 hours with weak HCl. 
Total CO, obtained = 18°88 


80 gms. 
11 ¢,¢, O, and on subsequent boiling gave 2°8 o.c. CO,. : 
Total yield of O0, 7.8 0 . 


8. 


Eaperimende were now to ascertain whether the midiaios 
of glucose to the minced tissue had any effect in raising the carbon 
dioxide output, or increasing the amount of oxygen absorbed. Two 
equal portions of minced tissue were treated in exactly the same way, 
the only difference being that a certain amount of glucose was added to 
one flask. The results, however, were entirely negative, for the tissue 
to which sugar had been added gave practically the same figures as the 
control, and in no case did the addition of sugar change the carbon 
_ dioxide output or the oxygen intake. Other substances, such as glycogen, 
sodium lactate, and sodium pyroracemate also gave negative results. 


: xx. 2. 80 gms, muscle; 100 ¢.0. blood + 5 gm. glucose absorbed 8 c.c. O in 2 hours. 


” 5 ” no glucose „ 7˙ „ „% 
Exp. 8. 80 gms. muscle + 160 0.0. blood +1 gm. glycogen absorbed 81-4¢.0. O, in 8 hours. 
„* ” ” no glycogen „ 883 „ ” 


‘Exp, 4. 45 gis. muscle +100 ce. sol. of sodium lactate! +100 absorbed 
17°6 C. 0. O, in 8 hours, , 
46 gms. mascle+100 wl. of sodium pyroracematet4+ 100 be. blood absorbed 
10°6 ¢.¢. O, in 3 hours. 

45 gms. muscle +100 0. o. blood absorbed 19°5 c.c. O, in 8 hours. 


It would thus seem that minced tissues when used immediately 
after death possess no greater power of forming carbon dioxide from 
added sugar in an atmosphere of oxygen than they have in an atmosphere 
of carbon dioxide or hydrogen. In this connection it is exceedingly 
important to use fresh tissue and to limit the duration of the experi- 
ment to three hours or less; the difficulties described in our former 
paper are exaggerated when tissue is kept in an atmosphere of oxygen, 
1 5-6 gms, Kahibaum’s Syrup to 500 0. 0. salt solution. 


solution. 
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and as the addition of glucose to a minced organ provides a better 


nutrient medium for bacteria apparently positive results are sometimes 


obtained which in reality are due to infection. In every case in Which 
any difference was found in our experiments bacteria were proved to be 


present; where bacteria were absent “or — * no 
effect. 


With a view to ascertaining something of the nature of the oxidisable 
substance in the tissues from which the carbon dioxide was produced 
many experiments were carried out and an endeavour was made to 
ascertain whether expressed tissue juice was capable of respiration. - 

Muscle and tissue juices were obtained by mincing up the fresh 
substance, grinding it in a mortar with silver sand, and kieselguhr, and 
subjecting this to high pressure in the usual way. This juice was then 
tested, but in no case was there any evidence of respiratory activity, as 
seen in the following results. 


Exrs. 5-$, The minced muscle or organ was . 


an equal weight of sand. This was then mixed with kieselguhr and ground for 10 to 
15 mins. more. The powdery mass which resulted was subjected to a pressure of from 


incubated at 38° 0, 


— 
5 Rabbit 90 0.6. juice (muscle) — 

99 100 0. o. ” 97 eee 13 
Pigeon 586.c. „ „ 4100 0. c. ox-blood 4˙4 


70 C. 0. „ 99 55 


‘ 100 0. 0. 77 eee eee 
Rabbit 100 0.0. juice (muscle) one 


considerably, but in general from 200 to 250 gms. rabbit’s muscle were 


required to yield 100 c.c. juice. The oxygen absorption figures are 80 
small as to be insignificant; in cases in which blood was used they are 
to a certain extent due to this, for blood alone is capable of absorbing 


a small quantity of oxygen (Exp. 8). On the other hand salt solution 
practically negative. 


necessary in order to disintegrate the tissues previous to the juice 


The amount of juice obtained from the same weight of tissue one | 


alone may absorb from 1 to 2 cc. of oxygen, so that the results are 


Since, however, a great deal of mechanical manipulation was 
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being expressed, some experiments were made to determine whether 
this interference destroyed or reduced the respiratory activity. It was 
found that when the minced tissue was rubbed in the mortar without 


sand no appreciable diminution was in evidence, but when sand was 


used the resulting mass was less active than the original minced muscle. 
There was a distinct reduction both in the amount of carbon dioxide 
given out and in the amount of oxygen absorbed. The following acta 
were obtained for oxygen absorption. | 


; Exr. 10. 100 gms, minced muscle (rabbit) +100 gms. sand subsoquently added 
absorbed 17 c. 0. O, in 3 hours. : 

100 gms. minced muscle (rabbit) thoroughly ground with . 

18 0.0. O, in 3 hours. 


Exp. 11. 90 gms. minced muscle (rabbit) ＋ 90 gms, sand absorbed 10 e. o. in 8 hours. 
90 gms. minced musele (rabbit) ground with 90 gms. sand absorbed 6 c. o. in 8 hours. 


This difference, however, was not very great, and did not explain the 

inactivity of tissue juice. Experiments carried out with magnesium 
hydrate added to the sand in order to prevent the usual development of 
acidity gave no better result. The reduced activity is probably due to 
direct interference with the integrity of the muscle cell. Though the 
tissue, when ground up with sand, was still fairly active it was found 
that the subsequent addition of much kieselguhr had a marked effect in 
lowering oxidation. 
The powdered substance prepared in the usual way with sand and 
kieselguhr was much less active than the control without kieselguhr; 
in some cases it seemed to have little or no respiratory activity 
whatever. Thus: 


then mixed with 80 gms. kieselguhr and ground for 5 minutes gave on incubation in 
oxygen with 100 0. o. blood an absorption of 4-6 ¢.c. oxygen in 2 hours. 

14˙8 0%. 


18. 


Welk kieselguhr incubated as above with 100 c.c. blood absorbed 9 ¢.c. oxygen in 2 hours. 
100 gms, minced muscle + 100 ¢.c. blood absorbed 15°8 0. 0. oxygen in 2 hours. 


This effect of kieselguhr is difficult to understand, but it suggests 
that we are here dealing with a substance, possibly of enzymic nature, 
which is adsorbed or otherwise reduced in activity by the kieselguhr. 

_ Sinee the inactivity of the expressed juice might be due to the 
insolubility of the respiratory substance, the residual press cake itself 
was tested, but here again comparatively little effect was obtained; 
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even the addition of the expressed juice did not result in any appreci- 
able action. Since, however, kieselguhr interferes so markedly with 
the respiration processes, an attempt was made to obtain juice with 
a minimum of this substance. A specimen of this mass was tested 
before being put into the press, and found to be fairly active, but here 


again the juice was inactive and the press cake alone was considerably | 
reduced in activity, while the addition of juice to the press cake did not ae 


appreciably effect the result. Aqueous and saline extracts obtained by = 
thoroughly mixing the minced tissue and fluid and then straining ~ 1 
through 4 cloth were also tried with negative results. The majority of 
these experiments were carried out on rabbit's muscle. As this is not of 
itself very active, juice from the pressed breast muscles of pigeons was 
obtained, but though the original minced substance was exceedingly 
active, the juice in this case as before gave negative results. 
_ Exp, 14, Breast muscles from six pigeons taken and thoroughly minced, 
(a) 40 gms. minced muscles +100 0. 6. blood absorbed 41 0.0. Os in 2 hours. 
Residue was mixed with sand and kieselguhr and pressed. Yield=58 c.c. juice. 
(6) 58 6. 6. juice absorbed 8:4 0.0. O, in 2 hours. 
(e) 100 gms. press cake 100 0. o. blood absorbed 48 c.c. in 2 hours. Fe 
„ Exe. 15. 110-gms. pigeons’ muscles minced thoroughly with knife: added 250 0. c. 
water and ground thoroughly in mortar. Then pressed through cloth and obtained 260¢.c. _ 
extract. Subsequent pressure in press did not give much more juice. 
(a) 100 0.6. extract +100 c.c. blood absorbed 4 0.6. O, in 2 hours. 


(5) 100 0. 0. extract +30 gms. press cake + 100 0. o. 
(e) 100 c.c. saline sol. +80 gms. press cake + 100 0. o. blood absorbed 10 0.6. in 2 hours. 


Battelli and Stern make the statement that tissues which have 
hoon kept for some hours after death, and in which the oxidation 
processes are gradually getting less can be re-activated by the addition 
of an aqueous extract of some fresh tissue. This extract need not be 
derived from the same kind of substance as that used in the experiment; 
for example, liver may be activated either by liver juice or by muscle 
juice. 

To the hypothetical substance which they suppose is selina in the 
extract they gave the name ‘pnein’@. We repeated some of these 
experiments, but failed to obtain any appreciable evidence of the 
a a of such a phenomenon as they describe. Those experiments 
were carried out on the muscles and livers of the rabbit and on the 
livers of the dog, ox and pig, and all with negative results when 
bacteria wete absent. It is noteworthy that Battelli and Stern do 
not ‘mention the possible presence of bacteria in any of their experi- 
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is almost certain that in many-cases bacteria must have been present in 
abundance, the organs having been kept for several hours after death 
in the incubator at 38°C. or left in the body of the animal. If the 
so-called accessory respiration’ is not altogether the result of bacterial 
infection it is certain from the method adopted that the results eed 
must have been vitiated by bacterial action. 

Haperiments with minced tissues.. Since tissue juice failed to * 
any definite respiratory action a number of experiments were carried out 
on the minced tissues. In common with other observers, it-was found 
that the activity of the tissue was greatly increased by the addition of 
blood. As a general rule minced tissue to which blood was added was from 
two to four times as active as the same tissue when incubated in saline 
solution. This effect was proved to be dependent on the hsemoglobin 
present, for isolated hæmoglobin prepared from horse's blood gave the 
same effect as an equivalent — of blood. This is shown in the 
following experiment. 

Schulz. The crystalline substance obtained contained a considerable amount of 
ammonium sulphate, but since experiment showed that this salt did not appreciably 


affect the respiration, no attempt was made to remove it. A solution of tha hemoglobin 155 


obtained was of such strength that 70 0. o. of it were equal to 28 0.6. of blood, and 1 6.0. 
contained 0-04 gm. ammonium sulphate. 

Exp. 16. 50 gms. minced rabbit muscle +28 ec, blood +8 gms. ammonium sulphate 
+72 ¢.¢. salt solution absorbed 64 c. o. O, in 2 hours. 


80 gms. minced rabbit muscle + 70 c.c. sol. +80 ec. salt sl. absorbed 0, in 
2 hours. 


The maximum effet ‘was obtained sine blood was wed in the 


: proportion of about 100 dc. to 40 gms. tissue. When only 50 % 


blood were used the effect was generally somewhat less, but the results 
were by no means constant. Hæmolysed blood acted in just the same 
way as ordinary blood. Again, blood from some other animal was quite 
as efficient as the animal’s own blood, and the addition of even a few 
cubic centimetres to the minced tissue increased the oxidation ap- 


preciably, Changes in the reaction of the tissue produced little or no 


change; any slight differences observed were very irregular and 
indefinite, and too small to be of any practical importance. Since 
bacteria were very troublesome, several antiseptic substances, puch as 
‘toluene, chloroform ete. were tried, but they all depressed the tissue 

oxidation processes, A typical example is as follows: = 


Exe. 17. 100 gms, minced muscle +100 a6. normal salt solution absorbed 5.0.0, 


in hours. 
100 gms. 
in 2 hours. 
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A. HARDEN AND H. MACLEAN. 
| TABLE I. 


S in gms. 
Fluid in which 
incubated 
2 hours 
No. of 
e. of 
100 
per 


100 0. e. blood 398 
125 39˙8 
807 
92 252 


100 0.6. blood (dog) 199 hal 


SSSS88 888 
8 
= 
2 
2 


Musole 


Muscle 
Muscle 


In the experiments of Battelli and Stern. the figures obtained 
from minced animal tissues were exceedingly high. Experiments of 
the same nature carried out by means of our apparatus gave figures 
very much smaller than those obtained by the above observers. 

The results of some experiments from each animal used is given 
below. The animal was killed and some of the tissues separated and 
minced as quickly as possible after death. They were then incubated 


11 
sssssssesssssssssssssssss 

8 


in the ordinary way in an atmosphere of oxygen at 38°C. for two hours. 


Sometimes parts of the tissues were kept in the cold room for some 
hours, and then minced and tested: even after this time oxidation was 
fairly active. Attempts were also made to examine tissues kept at the 


laboratory temperature for a few hours but bacteria * interfered 
with the results. 
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The absorptions given were obtained in two hours, and the half of 
this is taken in calculating results per hour. It might be objected that 
oxidation during the first hour is much more active, but in general little 
difference has been observed. After the second hour, however, the 
tissue gradually loses activity, but later results are generally com- 
7 be placed upon 
them. 

The e given in Table I, agree in a general way with 
those obtained by Battelli and Stern; thus pigeon muscle gives 
much higher values than rabbit's Wessi while sheep and ox are 
intermediate. On the other hand, the absolute values for each tissue 
are very different, and never amount even approximately to the values 
given by these observers. The general conclusion from these figures is 
that the post mortem oxidation processes are not sufficiently active to 
render it easy to detect the oxidisable substance; a very small amount 
of the latter would be sufficient to account for all the oxidation found. 


SUMMARY 
1. An apparatus for estimating the post mortem gaseous meta- 


bolism of minced organs is described in the paper. 


2. Minced organs and tissues of animals have no more power of 
producing carbon dioxide from sugar when incubated in an atmosphere 
of oxygen than they have in an atmosphere of nitrogen or hydrogen. 
3. ‘Tissue juices prepared by the aid of kieselguhr and aqueous 
and saline extracts of tissues possess little or no respiratory activity. 
4. ‘The oxidation processes of minced tissue are materially lowered 
by grinding up the tissue with sand or by mixing it with kieselguhr ; 


antiseptics act in the same direction. 


5. The figures obtained by us for the oxygen absorption and 
carbon dioxide output of minced tissues are considerably lower than 
those obtained by Battelli and Stern. 
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ON THE TRANSFERENCE OF THE PROPAGATED 
* DISTURBANCE FROM NERVE TO MUSCLE WITH 
1 SPECIAL REFERENCE TO THE APPARENT IN- 
HEBIFION DESCRIBED BY WEDENSKY. Br 
— KEITH LUCAS, Fellow and Lecturer of. Trinity College, 
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I. Conpvorion FROM NERVE 10 MUSCLE AND THE WEDENSKY | 
BFFECT, 


TRE phenomena of conduction between nerve and muscle deserve closer 
investigation than they have received. Their particular claim on the 
attention of physiologists lies in their similarity to the. phenomena of 
conduction across a synapse of the central nervous system. This 
resemblance suggests that possibly by researches carried out o the 
hardy. and accessible erve-musele preparation we. may 
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WEDENSEY INHIBITION. 47 
gain insight into processes such as inhibition and summation of stimuli | 


which are often set down as peculiar to conduction along paths in- 
volving the synapse between one neurone and another. 

In the present paper I shall describe the results obtained from an 
investigation of one of the most remarkable phenomena of conduction 
between nerve and muscle, namely the ‘appatent inhibition’ of 
Wedensky* I shall attempt to show that this effect depends 
for its possibility on a simple property of the junction between nerve 
and muscle, a property known to be possessed in high degree by the 


synapse of the central nervous system, namely a resistance to een | 


greater than that of the continuous axon. 
The Wedensky effect has been the subject of many 3 


chiefly those of Wedensky and Hofmann, the main upshot of which 


has been to establish clearly its association with the junction of nerve 
and muscle. There is no need to recall the work in detail at this point 
because I shall have occasion to discuss it in a later part of this paper. 
There is however one series of researches, namely those of Fröhlich, 
with which I intend to deal at once, not only because they ascribe 
to nerve and muscle a property which needs more close investigation 
than it has yet received, but also because they carry with them far- 
reaching inferences as to the — of inhibition in the n 
nervous system. 
Fröhlich's hypothesis. appears to have had its origin in some 


observations which he made on the prolongation of the refractory period 


bol nerve during narcosis’. He found that during narcosis the refractory 
period of nerve is prolonged, and also the phenomenon of the ‘ Anfangs- 
zuckung is obtainable with a lower frequency of stimuli than in the 
normal state. As the result of these observations he suggested that the 


failure of repeated stimuli to produce in a narcotised preparation any 
contraction beyond the ‘ Anfangs-zuckung ’ might be due to the fact 
that ‘only the first stimulus is effective, each subsequent one falls in 


the refractory period of its predecessor, and therefore appears ineffec- 


tive“ In a paper dealing mainly with inhibition in the claw of the 


cray-fish Fréhlich extended this explanation both to the apparent 
inhibition observed by Wedensky and to the inhibition of the cray-fish 
claw‘. In this paper he speaks in the following words of the process which 
he postulates: ‘if the refractory period is longer than the interval 


Arch. f. d. ges. Physiol. XXVII. p. 69. 1885. 601. 
Ztschr. f. allg. Physiol. ut. p. 474. 1904. Loc. cit. 
* Ztschr. f. allg. Physiol. vn. p. 893. 1907. 
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between stimuli, then the second stimulus falls within the period of 
recovery of the first, the third within the period of recovery of its 
predecessor ; only the first stimulus appears to be effective. Finally 


in his papers on the central nervous system Fröhlich points out the 


similarity between the phenomena observed in the isolated muscle-nerve 
preparation or in the claw-muscle of the cray-fish and the inhibition 
associated with the spinal cord. On the strength of this analogy he 
extends his hypothesis of the refractory period to cover the case of 


central inhibition. In one of these papers he speaks of his hypothetical 


process as follows:—‘by the following stimuli which still fall in the 
absolute refractory period recovery is hindered, without the stimuli 
themselves provoking any visible effect“. 


It is obvious that Fröhlich's work contains two separate hypotheses 
which must be considered apart from one another. Tha first relates to 


the explanation of the Wedensky effect and such allied phenomena as 
the ‘ Anfangs-zuckung’; the second is concerned with extending that 
explanation to cover the inhibition observed in the central nervous 


system. I shall be concerned at present with the first hypothesis, 


namely that the Wedensky effect and allied phenomena arise from the 
fact that each stimulus sent into the nerve falls within the refractory 
period set up by its predecessor, and though producing’ no visible — 


; IL. Tue EFFECT OF A STIMULUS FALLING ON A REFRACTORY TISSUE. 


As far as I can discover Fröhlich brings forward no definite 
experimental evidence to show that a prolongation of the refractory 
state by stimuli falling within the refractory period can actually be 


observed in any excitable tissue. He takes rather the indirect line of 


showing why the cumulative effect of successive stimuli falling in one 
another's refractory periods cannot be observed in fresh nerve. He 
indicates“ that when stimuli are repeated in succession so rapidly that 


their interval becomes smaller than the normal refractory period, their 


effect is so far weakened owing to their shortened duration that the 
time of recovery from each stimulus (ie. the refractory period) becomes 
much less, and consequently the interval — stimuli still remains 


1 Ztechr. f. allg. Physiol. v11. p. 427. 

Medizinisch-Naturwiss, Arch. 1. p. 289. 1907. Ztschr. f. allg. 1909. 
3 Ztschr. f. allg. Physiol. rx. p. 87. 1909. 

* Med,-Naturw. Arch. I. pp. 247, 248. 1907. 
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longer than the actual refractory period. In support. of this view he 
quotes the work of Nernst and Barratt with high frequency currents, 
basing apparently his statement that the currents are weak in effect on 
the observed fact that their strength has to be increased with their 
frequency. In using the work of Nernst and Barratt in this way he 
makes no mention of the fact that these experimenters used alternating 
currents. Such currents fail to excite, as the theory of Nernst 
indicates, for the purely physical cause that they do not persist long 
enough in one direction to bring about the local physical alteration 
in a tissue which is the necessary condition for setting in motion the 
propagated disturbance. These currents when inadequate to compass 
the first step in excitation are inadequate to set up a refractory 
state. It is not legitimate to draw from such experiments the inference © 
that an adequate stimulus of short duration sets up a refractory state 
persisting for a shorter time than that set up by an adequate stimulus 
of long duration. I can see therefore no reason why, if a stimulus 


falling within a refractory period does actually set up a new refractory 


state, the phenomenon should not be capable of direct experimental 
verification in any tissue either fresh or fatigued. Only the experiment 
must be made with successive stimuli all of the same direction in the 
tissue; otherwise the physical factor which Nernst and Barratt were 
studying in their experiments will enter as a cause of failure of the 
successive currents entirely different from what is usually understood 1 
the term refractory period. 

Not only do 1 fail to find in Fröhlich's papers any direct pez 
mented evidence that a stimulus falling on a refractory tissue sets up a 
new refractory state; I find also that such an occurrence would be in 
direct contradiction to certain observations on muscle and nerve which 
have already been published. In a recent paper’ I showed that the 
increased delay in the electric response of a muscle to the second of two 
stimuli sent into the nerve is practically identical whether the second 
stimulus does or does not fall on the same part of the nerve as the first. 

From this observation it follows that the extra delay of the second 
response is due to the propagated disturbance which passes over the 
nerve from the first seat of excitation. In the same paper* I gave 
experimental proof that a stimulus B falling within the refractory 
period set up by a previous stimulus A does not alter in any way the 
— to a subsequent stimulus C which falls just a mat 

1 This Journal, l. p. 899, and Fig. 18. 1010. 
® Loc. cit. p. 398, and Figs. 15, 16, 17. 
PH. XIII. | 4 
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50 
refractory period. If however the stimulus A is omitted, so that the 
stimulus B no longer falls on a refractory tissue, then the response to 
the stimulus C is more modified and delayed than it was when both A 
and B preceded it. In other words the stimulus B, which owing to its 
greater proximity in time to the stimulus O normally modifies the 
response to that stimulus more than does the remote stimulus A, 
fails completely in its modificatory action if it falls within the refractory 
period set up by A. If then a stimulus falling within a refractory . 
period is robbed of its normal modificatory effect on a subsequent 
response, and the modificatory effect has been shown to be associated 
with the propagated disturbance, a strong probability is established 
that a stimulus falling within a refractory period sets up no propagated 
disturbance. Further it has been shown by Bramwell and Keith 
Lucas! that the refractory state is associated with the propagated 
disturbance. Consequently there is a strong probability that a 
stimulus falling within 4 refractory period will set up no refractory 
state, 
Prompted by this train of thought I set about to test by direct 
experiment whether a stimulus falling on a refractory tissue could be 
shown to effect any prolongation of the refractory period. e 


(a) Experiments on the sartorius muscle excited directly. 


The experiments carried out on this tissue followed the general 
technique described in a previous paper“. The excised sartorius was 
set up in the moist chamber which I have described, the connections to 
the exciting coils and to the capillary electrometer being those shown 
in the figure to which reference is made, The duration of the refractory 
period of the muscle was determined by the interval between two 
stimuli which just failed to yield a second electric response. The use 
of the electric response in preference to the contraction for this purpose 
is determined by the fact that the occurrence of two electric responses 
_ can be detected with great ease, since the second response does not sum 
with the first, but produces a separate movement of the mercury 7 
meniscus. The timing of the successive stimuli was effected by the 
use of three knockdown keys which closed the primary circuits of three 
coreless induction coils. The keys were placed in the path of the 
carriage which supported the photographic plate. They were adjustable 
so that they could be struck open by the carriage at any required 

1 This Journal, XII. p. 495. 1911. 2 bid. XXXIX. p. 216, Fig. 5. 1909. 
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interval. The intervals were set approximately by divided scales 
engra ved on the keys, but were finally determined for each experiment 
by measurement under the microscopic comparator’ of the distance 
between the excursions of the capillary electrometer caused by the 
_ successive induced currents. An experiment was carried out in the 
following sequence. Preliminary photographic records of the response 
to two stimuli were first made until one interval between stimuli had 
been found which gave no second response, and a slightly greater 
interval had been found which just gave a measurable second response. 
For example in Exp. 1 a second stimulus at 015 sec. gave no second 
response, whereas a second stimulus at 022 sec. gave a clear second 
response. A photographic record A was then made with the first stimulus | 
(a) followed by a second (o) at 022 sec. This showed of course the 
second response. Next a photographic record B was taken with the 
_ stimuli arranged as in A, except that an additional stimulus (b) was 
this time interpolated so as to fall 010 sec. after the first. A third 
record C was made with the first stimulus followed by.a second at an 
interval of 015 sec. in order to ascertain that the refractory period still 
remained of the duration which had been found in the preliminary 
observations. The stimuli used were all of approximately equal strength, 
and gave when acting alone electric responses which were e indistinguish- 


able. 


In this experiment we know that the refractory . set up by 
the first stimulus lasts at least 015 sec. for the strength of stimulus 
used. In observation B the interpolated stimulus: falls at. 010 sec. 
after the first, and falls therefore well within the refractory period. If 
this stimulus sets up a new refractory period similar to that within 
which it falls, the whole refractory state should last at least 015 sec. 
after the second stimulus, i.. 025 sec. after the first stimulus. 
_ Consequently the stimulus sent in at 022 sec. after the first in 
observation B should find the tissue refractory and produce no second 
response. What actually happens i is that in observation B the second 
response does occur and is identical in magnitude and time- relations 
with the second response in observation A. In other words the 
stimulus falling within the refractory period does not set up a new 
refractory period equal to that within which it fell. Figs. 1 and 2 are 
reproductions of photographie records made in this experiment. Fig. 1 
is the observation A. The plate was first exposed with the single 
| — —_ and was exposed a second time with the two stimuli at 
| 1 This Journal, E. p. 217. 19090. 
4—2 
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* E. LUOAS. 
de interval O22 sea. The second response is less strongly imprinted 


on the plate than the first (which has been recorded twice) and the 


tuning-fork records (200 D. v. per sec.) of the two exposures are 


superposed. Fig. 2 is observation B, in which the second exposure is 
made with one stimulus at 010 sec. after the first and another at 


022 sec. after the first. It needs no analysis of these curves to show 


that the stimulus falling at 010 sec. after the first has had practically 


no effect on the second response, in fact does not set up a refractory 
period similar to that set up by the first stimulus. The second 
in Figs. 1 and 2. 


‘Three experiments were made by this method, and the result was 
the same in each case. In Exp. 2 stim. ö was at 0064 sec. and e at 
90116 sec.; the refractory period set up by stim. a was at least as great 
as 0090 sec. If then stim. ö, falling within the refractory period of 


stim. a, had set up a similar refractory period the total duration of the 


refractory state would have been at least 0154 sec. Observation B 


showed that when stim. d was followed by stim.’ b the response to 


_ stim. o (at 0116 sec.) remained the same as when stim. ö was not sent 
in. Exp. 3 was of a similar nature with slightly different intervals 


between the stimuli. The conclusion to be drawn from these 


ments is that a second stimulus falling on the muscle-fibre within the 


* 


1 


2 


— 
* 
F. 
10 
5 
~ 
2 
4 
* 
2 <a 
8 
2 
2 
* 8 * 
A “3 
aA 
4 * 
* 
2 
e 
72 
* a 
* 
Ad 
bas 
E 
2 
ig 
‘g 
2 — 
— 
ra 
Vis 
* 


_WEDENSEY INHIBI TION. 538 


refractory period set up by a previous Aimmulns certainly does not set up 
a new refractory period of the same order of duration as that set up by 
the first stimulus. In fact if there is any prolongation of the refractory 
State it must amount to something less than 30°/, of the normal 

- refractory period set up by a stimulus falling on a tissue not already 
Sefractory. 

It remained to carry the investigation to closer limits, in order to 
discover whether there might possibly be some very small prolongation 
of the refractory state such as would have escaped detection in the 
experiments already described. For this purpose it became necessary 
to resort to a more accurate means of setting the intervals between 
successive stimuli. The use of knockdown keys in the path of the moving 
photographic plate was not satisfactory for very small time intervals 
between the stimuli because the setting of the keys at predetermined 
intervals became too difficult. The velocity of the plate was about 
400 mm. per sec., so that setting to a time interval of 0001 sec. meant 


adjusting the distance between the keys to 004 mm. To overcome 


this difficulty the pendulum which I have described in a previous 
paper was used. The velocity of the moving arm of this pendulum 
at the bottom of its swing is such that a time interval of 0001 sec. 
corresponds to a distance of the order of 0°5 mm. between the keys. 
It is easy therefore to set the time interval between stimuli to a pre- 

determined value within 0001 sec. For the present experiments the 

pendulum was furnished with three knockdown keys. An electro- 
magnet was arranged to lift the pawl by which the pendulum is 
released, and a key placed in the path of the photographic plate 
completed the circuit in the electro- magnet at such a time that the 
plate was exposed to the image of the capillary electrometer when the 
pendulum struck open its knockdown keys. The knockdown keys 
‘were in the primary circuits of the three coreless induction coils used ir in 
the previous experiments. 

With this method it became possible to adjust the time of incidence 
of the second stimulus with great nicety. I commenced at once to 
make observations in which the second stimulus was timed to fall close 
to the end of the refractory period set up by the first, hoping that with 
this arrangement any alight condition of inexcitability which the second 
stimulus might set up in the tissue would be more certain to last long 
enough to affect the response to the third stimulus, which fell only 
just outside the refractory period. A typical case W 

Journal, xxxva. p. 461, Fig. 1. 1908, 
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which the stimulus o at 0174 sec. after stimulus a was found to give 
a very small second response, whereas stimulus ö at 0170 sec. after 
stimulus a fell just within the refractory period and gave no second 
response. When stimulus ö was interpolated between a and o the 


than that produced when stimulus o alone followed stimulus a. In 
fact the stimulus which fell within the refractory period summed with 


the third stimulus to produce an increased second effect instead of 


Fig, 3. 


prolonging the refractory state within which it fell, This experiment 
was repeated several times, always with the same result, Figs, 3 and 


4 are curves plotted from analysis of two significant photographic 


records from Exp,.4, - In Fig. 3 the continuous line is the response to 
the stimulus a alone; the broken line shows how the curve was altered 


when e was sent in after a. The effect of o is to produce a very small 


_ diphasic response. In Fig. 4 the continuous line is the response to a and 
the broken line shows the alteration produced by the addition of the 


1 The analyses of capillary electrometer records published in this paper were carried 
out by a mechanical method which I have devised. A cross-wire in the field of a micro- 
scope is made to trace round the photographic record, and the corrected r. p. curve is 
thereby plotted out automatically on squared paper. This method occupies very little 
time and gives more accurate results than the tedious process of measurement and calcula- 


tion which I used formerly. I hope to publish a description of the method with as little 


delay as possible. 


ted result was encountered that the second response was larger 
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stimuli, band a The effect of ö is to sum with o and produce u Second 


response slightly larger than that produced by o acting alone. 
These experiments appear to me to leave no room for doubt that 

a stimulus falling on a refractory muscle sets up no new refractory 

State, on the 

contrary they indicate 

that a stimulus which ne 


tissue produces an effect 
precisely similar to that 
produced by a stimulus 
which falling on a normal 
tissue fails to excite be- 
cause it is inadequate in 
strength. In both cases 
the inadequate stimulus 
may be regarded as fail- 
ing to carry the process 
of excitation to comple- 
tion, but so far initiating — 
it as to facilitate the 
completion by a subse- 
quent stimulus which 
follows at not too great an 3 of time. 


It is not sufficient however to show that in a 3 3 5 
such as the sartorius muscle the effect postulated by Fröhlich does not 


occur, Fröhlich uses this effect as an explanation of Wedensky's 
inhibition, which is to be observed only in a muscle excited from its 
nerve. If therefore his hypothesis is correct we should expect to be 
able to detect the prolongation of the refractory state by stimuli 
falling within the refractory period in the case of indirect excitation 
only. In the following section of this paper I shall describe some 

observations in which I have an of 


this point. 
(6) 


a Boycott? investigated the pe e at which two successive 
ima sent into the sciatic nerve just failed to produce a summated 
3 . | 1 This Journal, Xv. p. 144. 1899. 
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up a disturbance which is inadequate to excite the muscle. 
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muscular contraction. In his paper the assumption is tacitly made 


that the failare to obtain an augmented muscular contraction gives 
a measure of the duration of the ‘critical interval’ or refractory period 
of the nerve. In other words it is assumed that the second stimulus 
fails to excite the muscle because it sets up no propagated disturbance 
in the nerve. This view is obviously supported by the approximate 
agreement of Boycott’s determinations of the refractory period of the 
nerve by this method with the direct determinations made on nerve 
by Gotch and Burch! with the capillary electrometer. It is also 
confirmed to some extent by Boycott’s observations“ on the alteration 
of the critical interval for summated muscular contractions by change 
of temperature confined to the nerve. But these observations still 
leave open the possibility that normally a second stimulus which falls 
on the nerve just too early to cause a summated contraction of the 


muscle does not fall within the refractory period of the nerve, but sets 


up a second propagated disturbance which travels over the nerve and 
fails to excite the muscle only because it is too weak to break through 
from the nerve to the muscle. We have no simultaneous observations 
in one tissue of the refractory period determined both directly in the 
nerve and indirectly by the method of summated contractions, Also 
Boycott’s observations on local temperature change indicate only that 
the cause of failure of the second stimulus lies in the nerve, without 
differentiating between the two possible reasons for failure, namely 
whether the second stimulus sets up no propagated disturbance, or sets 


To obtain an answer to this question is an essential prelude to the 
solution of our problem, namely whether a stimulus falling on a nerve 
within the refractory period set up by a previous stimulus does or does 
not prolong the refractory state. 

The experimental method adopted for this purpose was to ee 
on the same preparation the refractory period of the nerve (as indicated 
by the smallest time interval between stimuli which showed two 
electric responses in the capillary electrometer) and the interval 
between stimuli which just sufficed to give a summated contraction 
of the muscle. 


necessary not .only to record the diphasic response in the nerve, since 
the nerve must not be damaged, but also to use a perfectly fresh nerve 
so that conduction from the nerve to the muscle might be as nearly 


1 This Journal, xx1v. p. 410. 1899. 523 2 Loc. cit. p. 146. 


The chief experimental difficulty arose from the fact that it was 


+ 


“ 
* * 
* 
| 
| 
2 | 
L. 
K 
“a 
2 
— 
‘3 
| 
: | 
ot 
5 
| 
‘ae 
. 
2 
2 
* 
ty 
Ye 
* ny 
a 
3 
“a 4 
= 
J 
ig 
2 
oy 
4 
E 
“4 
72 


WEDENSKY INHIBITION. 57 


as possible normal. For these reasons it was not easy to secure a 
very large excursion of the mercury meniscus. However with a very 
sensitive capillary tube and the preparation at a low temperature 
(3° to 4 C.) an excursion was obtained which was large enough for the 
purpose. If the excursion is small it is of course difficult to detect the 
first trace of a second response which should appear when the second 


Fig. 6. 

stimulus falls just outside the refractory period. Fortunately any 
possible error from this source would only tend to obscure an effect 
which the experiments showed to be 80 large as to be unmistakable. 
In the course of an experiment a determination was first made of 
the least interval between the stimuli applied to the nerve which gave 
a summated contraction. The method was that of Boycott and needs 
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no further description. Then . of the adjustments 
a series of records was made with the capillary electrometer of the 
electric: response of the nerve to two stimuli separated by various 
intervals of time. For this purpose the necessary leading-off dleotrodes 
had been connected to the nerve before the experiment began, so that 
there was no need to disturb the preparation, which lay in a water- 
jacketed moist chamber. In this way the actual refractory period of 
the herve was determined. The determination of the interval between 
stimuli which just gave a summated contraction was then repeated. If 
the tissue was in good condition the observations with the capillary 
electrometer were also repeated. No experiment was considered 


satisfactory unless the one kind of observation was sandwiched between 


two of the other kind sufficiently concordant one with the other. In 
the table below there are given the results of all experiments which 
satisfied these demands. For each observation there are given two 
intervals between stimuli, of which one (+) just gave a summated con- 
traction in the muscle (or a second electric response in the nerve) while 
the other (O failed to do so. Figs. 5 and 6 are corrected curves from 
two successive photographic records 
(from Exp. 6) selected to show those 
observations in which the second 
electric response in the nerve was 
absent (Fig. 5 at 0094 sec.), and 
just visible (Fig. 6 at 0112 sec.). ae iG 
Fig. 7 shows a determination from “Fig. 7. 
the same experiment of the least | 
interval between stimuli which gave a summated contraction, In 3 


group of three contractions the first and third are made with one 


stimulus only, and the second with the two stimuli. The intervals 
between the two stimuli in the successive groups, reading from left to 
right, are 0159 sec., 0120, 0136, 0128, and 0120. It appears that 


two stimuli at 0128 sec. 1 8 a summated contraction, whereas two 


at ‘0120 sec. do not. 

These experiments were made on three preparations, of which one 
was used for Exp. 5, one for Exps. 6, 7 and 8, and the third for Exps. 9 
and 10. They all agree in showing that a second electric response in 
the nerve is obtained with an interval between stimuli considerably less 


than the least which will give a summated contraction in the muscle. 
The most accurate experiment appears to be Exp. 7, since there is 
complete agreement between the two determinations of the least interval 
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which gave a summated contraction, and every determination has been 
made within the limits of 0008sec. This experiment shows that an 
interval of 0128 sec: gives a second response in the nerve, whereas one 
of 0151 sec. fails to give a summated contraction in the muscle. In 
other words the interval which gives summation in the muscle exceeds 


the refractory period of the nerve by more than 19°/,. The fact that 

the interval 0120 sec. fails to give a second response in the nerve, 
whereas 0159 sec, does give a summated contraction in the muscle 
shows that the interval which gives a.summated contraction exceeds the 


For summated ‘0198+ 0150+ 01754 0167+ 0169+ 
contraction 0120— 0120 — -0167- -0169- 0151 
determins- For second electric 198+ 0144+ 0198+ -0144+ 
inter in nerve 0105 0004 — -0120- -0186- ‘O112- -0186- 
between For summated 0128+ 0169 0159+ 0159 7 0198. 
stimuli contraction 0129 — O0120- ‘O151- ‘O151-— 0190 
(seconds) | Forsecondelectric{ .. 0112+ .. 
response in nerve | ... -- 0159 — 

Temperature 4% C. 32°C. 80°C. d. 80°C. 228 
refractory period of the nerve by less than 33%. The actual difference 


lies between the limits 19% and 33 %, 


The remaining experiments 


all show the same fact, though they do not define the limits quite so 
closely. Without going into greater detail it may be said that the 
values obtained for the lower limit of the difference range from 7 % to 


i 19 °/,, while those for the upper limit range from 29% to 50°/,. Perhaps 


the most instructive, though not strictly reliable method of looking at 
the figures, is to determine for each experiment the difference between 
the refractory period for the nerve and the interval which gives summa- 
tion in the muscle on the assumption that the true value in each 
determination lies midway between the time interval which gives no 
second response (or summation) and that which does give it. When 
the figures are treated in this way, two values being taken from 
experiments in which four separate observations were made, it is found 
that the interval which gives a summated contraction exceeds the 
period by 17 765 20 %, 20 25 */o, 16 /¼, 32 25 % and 28 
It looks as though the real difference is of the order of 20°/,. oe 
So far it has been shown that a second stimulus which falls on the 
nerve too early to provoke a summated response in the muscle may 
nevertheless have fallen outside the: refractory . of * nerve ses ‘ 
set up therein a propagated disturbance. © 
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One ˙ͤ 
proceed on sure ground, namely whether the interval between stimuli 
applied to the nerve which just fails to give a summated contraction in 
the muscle agrees exactly with that which just fails to give a end 
electric response in the muscle. 

The observations which I have made on this point agree with the 
natural expectation that a second stimulus which falls on the nerve late 
enough to give a second electric response in the muscle gives also a 
summated contraction. This fact may be illustrated by a series of 
observations (Exp, 11) in which the smallest interval between stimuli 
which gave the summated contraction and that which gave the second 


11. sil te nerve gave (+) and allel 
give 
(-): 
90112 see. + 


| electric response in the tile were determined alternately on en same 
preparation many times in succession, The method was identical with 
that used in the experiments on the refractory period of nerve described 
above, with the exception that the leading-off electrodes connected the 
electrometer with the muscle and not with the nerve. It will be 
observed that the smallest interval between stimuli which. gives a 


second electric response in the muscle agrees very closely with that 
which gives a summated contraction; in each ease there are small 
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differences between the successive observations, but the interval which 
gives a summated contraction or a second électric response ranges only 
from 0105 to 0112 sec., and that which fails lies between the limits 
90097 and 0105 sec. It is clear that there is no real difference between 
ba: intervals which just suffice to produce these two effects. 

After these preliminary experiments we may proceed to enquire 
er a stimulus falling on the nerve of a muscle-nerve preparation 
within the refractory period set up by a previous stimulus coe} in ad 


way prolong the refractory state. 


Boycott! has stated that a stimulus falling on a nerve within the 
refractory period set up by a previous stimulus ‘is not only ineffective 
as a nerve stimulus but does not... produce a period of diminished | 
excitability.. He does not however enter into much detail about the 
various intervals between the stimuli in his experiments, mentioning 
only the one case that if the interval between stimuli is 005 sec. at 
3° C., and: B when following A produces no summated contraction, 
whereas O following A does give summation, then the effect of C 
_ preceded by A is identical with the effect of C preceded by A and B. 
This means that B falling on the refractory tissue does not prolong the 
refractory state enough to cut out the effect of O. Boycott was not 
aware of the fact that a second stimulus which fails to produce a 
summated contraction in the muscle may nevertheless have fallen 
outside the refractory period of the nerve. I have therefore first 
repeated his observations with the interpolated stimulus placed early 
within the interval which gave no second response in the muscle so that 
it should fall also in the refractory period of the nerve itself. My object 
in making these experiments was to assure myself that there was not 
even some small prolongation of the refractory state, such as experi- 
ments of the type quoted by Boycott might have failed to detect. 
I then proceeded to enquire what would ‘happen if the interpolated 
stimulus were placed a little later so that though still producing no 
second response in the muscle it might fall outside the 1 e 
of the nerve. 

Exp. 12 is a typical example of those experiments in which the 
B stimulus was placed early so that it might fall within the 
refractory period of the nerve. The method was identical with that of 
a my earlier experiments on the sartorius muscle. The stimuli were timed 
by the use of the knockdown keys placed in the path of the photo- 
Preliminary photographic records showed a — 
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stimulus at 0013 sec. gave no second response in the muscle, whereas 
a second stimulus at 0017 sec. gave a well-marked second response. 
Observation A (Fig. 8) was then made with stim. a at zero and stim. o 


at 0017 sec. This was compared with observation B (Fig. 9), in which 


stim. d and stim. o were unchanged, and stim. ö was introduced between 


them at 0000 sec: If stim. ö had prolonged the refractory period to 


any considerable extent stim. c should have found the tissue refractory. 
This was clearly not the case, since the second response in observation 


B (Fig. 9) was still present, and was in fact identical with that found in 


observation A (Fig. 8). 


This experiment is sufficient to indicate that we must not look for 


a new refractory period of ordinary magnitude as the consequence of 
a stimulus falling on a tissue already refractory. Attention must be 


directed to the search for some comparatively small prolongation of the 
refractory state. ‘ 


For this purpose the method of experiment was varied in the 


following way. Exp. 13 may be taken as typical. In observation 
A stim. d was at zero, stim. o at 0028 sec. In observation B stim. 


a was at zero, stim. ö at 0012 sec, (stimuli as late as 0019 sec. gave no 
second response), and stim. o was at 0028 sec. Both these observations 


showed second responses, The two observations were then repeated with 
stim. o at 0025 sec. in each case, other conditions being unchanged. As 
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before both observations gave second responses. Stim, o was then 
placed at 0022 sec. and second responses were still found in both 
observations. Finally stim. o was placed at 0019 sec., with the result 
that neither observation A nor observation B showed any second 
response. Clearly then whether stim. ö passed or not the interval 
which gave no second response was greater than 0019 sec. and less 
than 0022 sec. This result narrows considerably the possible pro- 
longation of the refractory state which can be postulated. The more so 
when it is noticed that in order to give every possible chance for the 
detection of such prolongation stim. ö was made 60 , stronger than 
stim. a in this experiment. 

Failing to find any prolongation in these experiments on 8 
muscle-nerve preparations I next turned to fatigued tissues in the hope 
of finding a more measurable effect. In Exp. 14 a tetanizing current 
was applied to the nerve for 30 seconds before the observations were 
made. Preliminary records showed that this had reduced the E. M. v. 
of the electric response to something between 4 and } of its former 
value. An experiment following the lines of Exp. 13 showed that 


whether stim. ö (at 0016 sec.) did or did not pass the interval between 


stim. @ and stim. o which gave no second response in the muscle was 
greater than 0021 sec. and less than 0025 sec. In this experiment 
stim. ö was 6 °/, stronger than the other two stimuli. 

The photographic records reproduced in Figs. 8 and 9 show the 
second response identical whether the interpolated stimulus did or did 
not pass. In that experiment the stim. e probably fell some con- 
siderable time after the end of the refractory period in the nerve, for 
the second response was a large one. In Exps. 13 and 14 we have 
observations, namely those made with the shortest interval between 
_ stimuli which gave any second response, in which the stim. e must have 
approached within a comparatively small time of the end of the 
refractory period of the nerve, since the second response was much 
reduced. It is interesting to notice that under these conditions the 
interpolated stim. ö not only failed to prolong the refractory state by 
the small amount which would have been necessary to cut out the 
effect: of stim. c, but actually had the reverse effect, and summed with 
the stim: o so as to increase the size of the second response. The 
response to stim. o was larger when the stim. ö passed than when it 
did not. It will be recalled that a similar phenomenon was encountered 
in the experiments on the sartorius muscle. In Figs. 10 and 11 there 
are reproduced two corrected curves from Exp. 14. They represent 
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64 
the electric response of the muscle to two stimuli sent into the nerve 


at an interval of 0025 sec. In Fig. 10 the stimuli a and o only were 


used. In Fig. 11 the stim. ö was interpolated between them at 0016 


sec. It will be noticed that the response to stim. o is larger when 
the stim. b is used than when it is not. In this experiment the inter- 
polated stimulus was so timed as to fall in all probability within the 
refractory period of the nerve. It was placed at 0016 sec. after the 


first stimulus while the interval between stimuli which just gave a 


second response in the muscle lay somewhere between 0021 and 
0025 sec., d. about 40 / later. In the experiments which I have 


described above the interval between stimuli which gave a summated 


contraction exceeded the — period by 9 of the order | 


of 20 


Up to this point the results obtained from the musele-nerve 


preparation agreed in every particular with those seen in the simpler 
case of the sartorius muscle. The stimulus falling within the refractory 


period of the nerve not only fails to prolong the refractory state to any 


measurable degree, it may actually sum its exciting effect with that of 


a subsequent effective stimulus and cause the electric weer to 15 
stimulus to be atnormally large. 
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II. Tur TIME RELATIONS OF STIMULI NECESSARY 10 PRODUCE 
THE WEDENSKY_EFFECT. 


In the observations described in the last section the interpolated 5 
stimulus was made to fall early within the period which gave no 
- summation in the muscle, so that it might lie with certainty within the 
refractory period of the nerve. I propose now to deal with cases in 
which the interpolated stimulus fell so late that though causing no 
second response in the muscle it did in all probability set up a second 
propagated disturbance in the nerve. 

The experiments made to test this point followed the technique 
of the later of the experiments made on the sartorius muscle; the 
pendulum was used for timing the successive stimuli. In Exp. 15 it 
was found that the least interval between stimuli which gave a second 
electric — in the muscle was 00187 sec. An observation was 


Fig. 12. 


then made with the second stimulus following the first at ‘00203 sec. 
This gave a small second response. ‘The observation was then repeated 
with the addition of a stimulus interpolated between the others at 
00164 sec, The result was that the muscle gave no second electric — 
response. The two observations were repeated three times in succes- 
sion, with the same result in every case, that there was a second 
response in the muscle when only the first and third stimuli were used, 
but none when the second stimulus was interpolated between them. 
Precisely the same effect was observed when the times of the ane 
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66 
and third stimuli were respectively 00172 sec. and 00211 sec. after the 


first. With these intervals the observations were repeated twice over 


in succession, the second response disappearing each time that the 
interpolated stimulus was used. Figs. 12 and 13 are corrected curves 
from a pair of these observations. Fig. 12 shows the response of the 
muscle to the two stimuli only. The second response stands out clearly 
as a small diphasic curve superposed on the main curve. Fig. 13 is the 
response obtained when the second stimulus was in terpolated between 
the first and third; the second response has disappeared completely. 


Fig. 18. 


This is evidently Wedensky’s inhibition in its simplest form. 
An otherwise effective stimulus ceases to produce a response in the 
muscle when preceded at a short interval by another stimulus’. The 


essential point of the observation is the time of incidence of the inter- 
polated stimulus, It will be recalled that in this experiment the least 
interval between two stimuli which gave a second electric response was 


‘00187 sec. ‘The interpolated stimulus fell on the nerve in the two sets 
of observations at 00164 sec. and 00172 sec. respectively. i 

to the experiments on the refractory period of nerve which I have 
described above the least interval between stimuli which gives a 
summated contraction in the fresh muscle is about 20°/, longer than 


the refractory period of the nerve; and the least interval which gives 


1 The relation of this simple inhibitory effect of an interpolated stimulus to the more 
complex phenomena described by Wedensky will be discussed in a later part of this 
| paper. In the meantime I shall refer to the simple effect as the Wedensky effect. 
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a summated contraction is identical with that which gives a second 
electric response in the muscle. On this showing the refractory period 
of the nerve in this experiment probably lasted for a time lying between 
— 0015 and 0016 sec, and the interpolated stimulus fell in each case 
outside the refractory period of the nerve. 

These experiments suggest that the interpolated stimulus, provided 
that it is so timed as to fall within the refractory period of the nerve, 
produces no effect other than a possible summation with the succeeding 
stimulus and a consequent increase of the second response in the 
muscle; only when it is timed a little later, so as to fall outside the 
refractory period of the nerve, does it cut out the effect of the third 
stimulus. If this interpretation of the experiments is correct it would 
appear that the first essential condition for the production of the 
Wedensky effect is that the interpolated stimulus should set up a pro- 
E disturbance in the 8 but none in the muscle. 


Ye 14 
This | is in need of closer con- 
1 ie It remains to discover first whether in one and the same 
preparation under constaut conditions the presence or absence of the 
Wedensky effect is definitely related to the time of occurrence of 
the interpolated stimulus, and second, whether the earliest time of 
incidence at which the interpolated stimulus produces the Wedensky 
effect does e to the end of the panels period of the 
nerve, 
1 experiments which I made on the first of these points ured the 
contraction of the muscle, and not its electric response, as the criterion 
of a summated effect. The method consisted in finding first an interval 
between stimuli a and c which just gave a summated contraction, and 
then sending in between a and c the stim. b at varying intervals after 
a in order to discover at what intervals it succeeds in preventing the 
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68 
‘increase of contraction normally caused by the stim. o. This procedure 


will be made more intelligible if we examine a typical example. Exp. 
16, Fig: 14 will serve for this purpose. In this record each group of 


three vertical lines to which a single number is attached represents the 
contractions with stim. a alone, with stimuli a and ö and with stim. 
a again. The number under each group (as 9°5) shows the time 


interval between a and c. These numbers represent degrees of angle 
separating the knockdown, keys on the pendulum. 1°= 00078 sec. 
over this part of the swing, s0 that 9˙5 0074 sec. The procedure of 


the experiment is first to determine the interval between a and o which 


gives a clear summated contraction. It will be seen that in the present 
experiment the intervals 8 and 9 give no summation, whereas 9°5 does 


give summation, Next a group of contractions is taken marked 8'5/9°5. 


In this case the middle of the three contractions is made with the stim, 


b interpolated at 8:5 and c at 9:5 as before. The effect of ö is to 


abolish the summation produced by o; the three contractions are of 


equal height. The same effect is produced with ö at 75. The 


observation with a and o alone is then repeated as a control. After 
this it is shown that ö at 5˙5 cuts out the effect of c, but b at 35 fails 
to do so, producing in fact a slightly larger summated contraction than 


that caused sda o in the phaence of b. The control is then repeated, and 


so forth. 
The results of such an experiment as this can 3 5 set 


out graphically in the manner shown in Fig. 15 (Exp. 17). In this 
the ordinates represent height of contraction by 


- 


* 
427) 
„ 
+ 
‘ 
| 
“Sea 
— 
** 
“led 
« 
‘ 
8 
N 
* 
ras 
55 
E 8 
= = 
2 
2 
2 | 
4 Sec | 
005 "OC | 
ke 
“4 
ag 
* 
238 
cn 
| 
“sj 
*. 
| 
| 
| 
2 | 
. 
J 
ve 


T INHIBITION. 66 


measuring such a record as that of Fig. 14 under the comparator) 
and the abscissae represent time interval between the stimuli; The 
stim, a occurs at zero of time, stim. o at the extreme end of the abscissa 
(007 sec.). The lower broken line (N) represents the mean height of 
a normal contraction provoked by a alone, the upper broken line (S) 
represents the mean height of the summated contraction provoked by 
a and e. The continuous line represents the height of the contraction 
which results when a and o are sent in, as before and ö is interpolated 
between them at the time indicated along the abscissa line. It will be 
noticed that when 6 falls as early as 0016 sec. it produces a slight 
increase in the summated contraction. At about 004 ‘see. ‘it 
cut down the summated 
contraction. At 0056 sec. 
it is abolishing the effect 
of o completely. After that 
it is beginning to lose its — 
effect again, no doubt be- 
cause it is itself beginning 

to produce through some 
of the nerve-fibres a 
mated contraction in the 
muscle; the record of this | 2 3 
experiment showed in fact . NVC 
that o began to produce a — — 
summated contraction at Fig. 17. 
about 0064 sec. Fig. 16 
shows a similar experiment (Exp. 18) ‘even another preparation. This 
curve reproduces all the essential points noticed in Fig. 15. Twelve 
experiments which I made in this way showed without exception the 
same point, namely that the occurrence of the Wedensky effect is 
definitely related to the time of incidence of the interpolated stimulus, 
never being produced at all at the temperatures at which I have 
worked (5°—8° C.) by stimuli falling earlier than about 003 sec. 
Other examples of these curves will be dealt with in a later part of 
this paper. For the present it must suffice to have shown the relation 
between the occurrence of the effect and the time of the a 
stimulus, 

‘The next question for investigation is the 

stimuli which are so timed as to produce the Wedensky effect do fall 
outside the refractory period of the nerve. This = was attacked 
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by plotting out for a given preparation a curve similar to those of 
Figs. 15 and 16, and determining with the capillary electrometer as 
nearly as possible at the same time in the same preparation the 


refractory period of the nerve. The result of such measurements is 
that the nerve is found to give a second electric response with an 
interval between stimuli slightly smaller than that at which the 
interpolated stimulus first produces the Wedensky effect. An example 
of this is given in Fig. 17 (Exp, 19) in which the Wedensky effect first 
appears at about 0065 sec,, whereas the capillary electrometer records 
shew no second response in the nerve with the second stimulus at 


0047 sec, and a very small second response with the second stimulus — 


at 0062 sec. A particularly interesting confirmation of this relation is 


to be found in the case of a preparation which has been slightly 


; fatigued or left in Ringer's fluid for a number of hours. Such a case is 


Fig. 18. 


Exp. 20 shown in Fig. 18. This preparation had been in Ringer's auid : 


for six hours. I have generally found that under these conditions the 


interval between stimuli necessary to produce a summated contraction 


in the muscle is very much greater than in the fresh tissue. On the 
other hand the smallest interval at which the interpolated stimulus will 
produce the Wedensky effect does not differ much from the normal. 
Consequently the whole range of time within which the interpolated 
stimulus will cause the Wedensky effect is very much greater than in 


the fresh preparation. The point to which I wish to draw attention is 


that under these conditions, as shown in Fig. 18, the correspondence 
between the beginning of the Wedensky effect and the end of the 
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refractory period of the nerve still holds good. In Exp. 20 the second 
stimulus at ‘0047 sec. gives no second response, that at 0062 sec. does 


give a second response, and the Wedensky effect first appears when the 


interpolated stimulus falls somewhere between 0062 sec, and ‘0078 sec. 
The only divergent result which I have obtained was in an experiment 
(Exp. 21) made on the same preparation as Exp. 19 described above. 
In this case the normal summated contraction was 13°/, greater than 


the single contraction. Interpolated stimuli at 0047 sec., 0051 sec. 


and 0055 sec. cut this summation down to 10% 7:5°/, and 2% 
respectively. The electrometer records made as soon as possible after 


these observations showed no second response in the nerve at 0047 sec. 


and a good second response at 0055 sec. This case suggests that 


there may have been some slight cutting down of the summated 


contraction (namely from 13% to 10°/,) as the result of an interpolated — 


Stimulus which fell just inside the refractory period of the nerve. 


I believe however that this slight divergence is to be attributed to 
experimental error. As I have said, the electrometer records were 


made after the other observations had been completed. When the 


electrometer records were made the contractions of the musclg were 
recorded simultaneously as a control on the constancy of conditions, 
and it was found that the two stimuli at 0062 sec. gave a summated 
contraction only 2°/, greater than the single contraction, whereas 


during the previous observations the corresponding increase had been 


13°/,. It was only when an interval of 0070 sec. was used that the 
summation reached its former value of 13%. It is probable therefore 
that a change had gone on in the muscle which led to an increase of 


both the time interval which gave summation in the muscle and that 


which gave a second response in the nerve. For this reason I consider 
that Exp. 21 is not to be regarded as evidence that even the smallest 
beginning of the Wedensky effect can be produced by a stimulus —— N 
sets up no propagated disturbance in the nerve. 

The result of the experiments described in this section may * 
stated as follows. If two stimuli are sent into a nerve at such an 
interval that the second produces a summated contraction in the 
muscle, then a stimulus interpolated between these two will abolish the 
effect of its successor provided that it falls sufficiently late to set up 
a propagated disturbance in the nerve, but not late enough to cause by 
itself a second response in the muscle. If the interpolated stimulus — 


falls within the refractory period of the nerve its only effect is a 


possible increase of the summated contraction caused by its successor. 
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(a) The Simple effect. 


already described lead to a simple of 
the Wedensky suite in terms of known properties of the en 
tissues. 


Gotch:. has shown that in a nerve the electric response to the 


second of two stimuli may be reduced in size. I have shown“ that the 


corresponding effect in muscle depends on an alteration produced in 


the tissue by the passage of the previous propagated disturbance. 


Consider in the light of these facts the result of such a case as Exp. 15 
described above. A stimulus o is sent into the nerve at 00211 sec. 
after stimulus a, and produces in the muscle a second electric response 
which is much reduced in size (cf. Fig. 12) owing to the effect of the 
preceding propagated disturbance set up by stimulus a. Next the 


5 observation is repeated with the addition of a stimulus b at 00172 sec. | 


This stimulus is so near to stimulus a that though it does set up a 
propagated disturbance in the nerve that disturbance is so much 
modified or reduced by the propagated disturbance resulting from the 


stimulus a that it fails to produce any response in the muscle. This 


small propagated disturbance due to stimulus 6 produces however a 


modificatory effect on its successor, namely the propagated disturbance _ 
due to stimulus c, and so. reduces it as to render it also incapable of 


producing a response in the muscle, In this way stimulus ö, though 


itself producing no response in the muscle, can 1 the — 
stimulus c from producing any response. | 


It should be noticed that this hypothetical sequence of events 
depends for its possibility entirely on the stimulus ö falling outside the 
refractory period of the nerve and setting up a propagated disturbance 
which does not affect the muscle. If ö falls within the refractory period 


of the nerve it sets up no propagated disturbance and consequently | 
exercises no modificatory effect on the response to the stimulus c. If 


when it falls outside the refractory period of the nerve the propagated 
disturbance which it sets up affects the muscle, then complete absence 


of contraction as the consequence of successive stimuli is an impossibility, — 


for in order to modify the response to o stimulus must 


a contraction. 


1 This Journal, XVII. p. 32. 1902; x1. p. 250. 1010. 
bid. xxxR. p. 331. 1909; and x11. p. 368. 1910. 
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The hypothesis which I would put forward amounts then to this, 
that the first stimulus applied to a nerve produces a normal response in 
the muscle, the second stimulus falls outside the refractory period of 
the nerve and sets up a propagated disturbance which travels over the 
nerve but is so modified by the proximity of the previous disturbance 
that it is too weak to excite the muscle; this weakened second pro- 
pagated disturbance in its turn so modifies the otherwise effective 
propagated disturbance set up by the third stimulus as to render it also 
too weak to produce a response in the muscle. If the third propagated 
disturbance is in this way reduced to the approximate dimensions of 
the second the process can obviously be carried on a stage further, and 
so forth. 

This hypothesis has the essential feature that it shows why 
the Wedensky effect can be obtained with indirect but not with 
direct excitation of muscle. In a homogeneous tissue such as the : 
muscle fibre excited directly if a propagated disturbance occurs a con- 
traction (or electric response) must follow. An interpolated ‘stimulus 
has therefore to face the dilemma that it must either itself produce a 
contraction (if it falls outside the refractory period) or else cannot 
modify the response to a orn stimulus (if it falls witht Hes 
refractory period). 

I shall attempt in a later . of this paper to consider the 
detailed application of this hypothesis to the various modifications of 
Wedensky’s inhibition which have been described. I wish first to 
enquire into some consequences which it involves, in order to make 
certain that it postulates no property of the andi, tissues ! is 
in contradiction with known experimental facts, 

The essential assumptions involved in the hypothesis are these. 

1. That in answer to the second of two stimuli there may pass 
down a nerve-fibre a propagated disturbance which is weaker than the 
normal disturbance set up by a single stimulus acting alone. | 

2. That such a weak disturbance though propagated over ‘the 
length of the nerve may fail in conduction between the nerve and the 

3. That a 8 88 though weakened by proximity 
to its predecessor may nevertheless weaken its successor. 

I I shall attempt to show that these peste ise? are all capable of | 
experimental verification. 

1. It is perhaps necessary to point out ony how this assumption . 
is involved in the hypothesis. The mere fact that the electric response 
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to the second of two stimuli is abnormally small might be accounted 
for equally well by supposing that the second stimulus falls on the 
tissue at a time when some of its constituent fibres are still refractory, 


though others have recovered, so that the small response of the whole 


tissue is the full response of a small number of its fibres. But if this 
were true we could find no explanation of the Wedensky effect, for if | 


those nerve fibres which do respond are subject to a fully normal pro- 
pagated disturbance their failure to excite the muscle (demonstrated 
experimentally in this paper) can be due only to the muscle being 


refractory. In that ease we are obliged to assume, in order to explain 


the Wedensky effect, that the propagated disturbance falling on the 


refractory muscle produces no visible effect but nevertheless prolongs | 


the refractory state of the muscle. Such an assumption is not concordant 


with the observations described in thé earlier part of this paper. For 
this reason we are driven to the assumption that the propagated 


disturbance is actually subnormal in each fibre. 


It has already been shown by Bramwell and Lucas? that there is 
indireet proof of the truth of this assumption in certain experiments 


which they made on the relation between the refractory period of nerve 


and the propagated disturbance. Their observations afford strong 
support to the present hypothesis. It remains to enquire whether 


direct proof is obtainable, and whether the assumption is contradicted 
by any known experimental observations. : 

The only observations known to me which might appear to have a 
bearing on the present problem are those of Gotch*. It is well known 


that Gotch supported the view that in a nerve the variation of the size 
of the electric response with varying stimuli results merely from the 


excitation of a greater or less number of the fibres which make up the 


nerve. It should be observed however that the experimental evidence 
which Gotch brings to support this view relates solely to variation of 


the response of the nerve by the one factor strength of stimulus. It 
does not follow that variation of an entirely different factor, namely the 
degree of recovery of the tissue from the passage of a previous disturbance, 
will affect the size of the response necessarily in the same way. The 


essential difference between the two cases is that in Gotch’s experi- 


ments the tissue itself was under like conditions whether a strong or 


weak stimulus was used, whereas in the present case the tissue is normal 


when the first disturbance traverses it, but is recovering after the 
Journal, xum. p. 495. 1911. 
id. p. 895, 1902. 
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WEDENSKY INHIBITION. 
passage of a propagated disturbance when the second disturbance 


It would be of great value if the question could be tested by direct 
experiment. Gotch was able to support his view by showing’ that 
when the strength of the stimulus is varied the time relations of a 
small electric response are identical with those of a large response. 
But in the present case such a line of argument would be invalid. If. 
it could be shown (and I am inclined to think that it could)* that in 
nerve the second response which is reduced by its proximity to a previous 
response does differ in time relations from the normal, that fact would 
be no proof that the disturbance in each fibre is smaller. For if the 
true cause of reduction of the response to a second ‘stimulus were 
merely the failure to excite some fibres owing to their refractory period 
exceeding in duration that of the fibres which were excited, it is only 
likely that the fibres of shorter refractory period which were excited 
would have also a shorter electric response. In that case the shorter 
electric response would be no indication of a subnormal disturbance. 
In fact in the present. case we have a cause of failure to excite which, 
unlike the weakening of a stimulus studied by Gotch, has a definite 
selective ‘action between the quicker and slower fibres; consequently we 
cannot make the assumption, which is fundamental to his argument, 
that when we use the condition which produces the smaller response we 
are introducing no factor which will tend to ae for excitation either 
the quicker or the slower fibres. 

We must be content therefore to let the validity of this assumption 
rest in the main on the verification which it receives from the experi- 
ments of Bramwell and Lucas. | 

2. Our hypothesis postulates not only that the second propagated | 
e bene in nerve may be subnormal, but also that such a subnormal 
disturbance though successfully propagated along the nerve may fail in 
conduction between the nerve and the muscle. This implies that there 
is a certain resistance to conduction from nerve to muscle, comparable 
perhaps to the synaptic resistance of a reflex arc. Such a property 
does not reveal itself in the conduction of a normal disturbance from 
nerve to muscle, but is soon brought into evidence when either the 
disturbance is small or the tissue is abnormal. It has been demonstrated 
many times by the experiments described in this paper that the propa- 


4 a disturbance set up in a nerve by the second of two stimuli cs be 


1 This Journal, xxvm., p. 895, Figs. 2, 8, 4. 1902. 
2 Of. Gotch. ‘This Journal, xxvut, p. 48, Fig. 10. 1902. 
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propagated along the nerve, and cause a response in the electrometer — 
attached to the nerve between the muscle and the seat of 5 N i 


though causing no second response in the muscle. 

It appears that as the preparation becomes fatigued or in any 157 
deranged this resistance at the junction of nerve and muscle increases. 
The fact is shown by the increase in a fatigued preparation of the 
interval between stimuli necessary to provoke by indirect excitation 


a second response in the muscle. This increase means obviously that 


in the deranged tissue a longer time must be allowed for recovery of the 
nerve, so that a disturbance of more nearly full magnitude may reach 


the muscle and succeed in breaking through. It is interesting to note 


that when fatigue has proceeded very far this resistance may be so 
increased as to afford a complete obstacle to the passage of a single 
disturbance of even normal magnitude. I have noticed this state in 


a preparation tetanized for several minutes. After such treatment a 
single stimulus ‘applied to the nerve provokes no muscular response, 


though a succession of single stimuli will sum their effects and cause con- 
traction. A precisely similar condition may be brought on by mild doses 
of curare, as Hofmann’ has shown. A parallel case is that observed by 
Lockes and studied recently by Mines, The removal of calcium from 


the circulating fluid leads to complete failure of conduction between 
nerve and muscle. The effect is not one of permanent injury to the 
tissues since conduction is established again 1255 the calcium is 


restored. 


partial block in conduction between nerve and muscle. It should be 


emphasized that the occurrence of this block is the one essential 


feature of conduction between’ nerve and muscle which makes the 
Wedensky effect a possibility. Every other process which is involved 
in the effect could occur equally well in a hdmogeneous tissue such 


as a muscle-fibre excited directly. In fact it is in a homogeneous 
tissue, the nerve-axon, that the cutting down of the successive 
disturbances by their predecessors must go on. But such cutting down 
is powerless to produce the continued absence of excitation charac- 


teristic of the Wedensky effect unless the tissue in which it occurs is 
separated from the effector organ by a structure which offers a block to 
5 e of disturbances of subnormal magnitude. It was on hese 

ee 3 d. ges. Physiol. xov. p. 514. 1903. 


7 Centralbl. f. Physiol, vrt. p. 166. 1904. 
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WEDENSKY INHIBITION. "1 


grounds that I stated at the commencement. of this paper that the 
effect depends for its possibility on a simple property of the junction 
between nerve and muscle, namely a resistance to 
than that possessed by the continuous axon. it 
3. The third point in need of verification is the possibility of a 
| pe disturbance itself reduced by proximity to its predecessor 
cutting down its successor to subnormal magnitude. In attempting to 
demonstrate this point we have to use the electric response in the tissue 
as a measure of the magnitude of the propagated disturbance. The two 
curves reproduced in Fig. 19 are corrected capillary electrometer curves 
showing electric responses in the sciatic nerve of the frog (Exp. 22). 


85 


St. a 


| 


In the observation from which the upper curve was obtained two stimuli 
were sent into the nerve 0156 sec. apart. The curve shows that the 
maximum p.. of the second response was reduced slightly below the 
normal, The observation which yielded the lower curve was made 
with three stimuli, The first and third were timed to fall at the same 


2 
€ 
— 
3 
A 
E. 
2 
> 
Ay 
bs 
‘ 
2 
8 0 
— — — — — — — — — — — — — — — — — — — 
Fi 1 
ig. 19. 3 
* 
* 
ag 
a 
> 


78 


interval as before, but there was interpolated a second stimulus timed 
to fall as nearly as possible midway between them. This interpolated — 
stimulus caused a response which, though itself much reduced, had tbe 


effect of cutting down to almost its own dimensions the response to 
the third stimulus. : 

I felt itimperative to show not merely the possibility of this successive 
modification of responses under chosen conditions, but also its occurrence 
with stimuli so timed that they were actually yielding the Wedensky 
effect in the preparation used. For this purpose I chose a preparation 
which had been excised and placed in Ringer's fluid some seven hours 
earlier, and was consequently giving the effect with interpolated stimuli 
falling anywhere within a fairly wide range of time. Fig. 20 (Exp. 23) 
is of the same type as Fig, 14 and shows that in the preparation used 
two stimuli at an interval of 025 sec. (marked 32) gave a summated 


eonteaction slightly greater than the single contraction. This sum- 
mation was abolished when stimuli were interpolated at 0156 sec. 
. (20) or at 0125 sec. (16) but not when the interpolated stimulus fell as 


early as 0094 sec. (12) or as late as 022 sec. (28). As the result of 


these observations I chose as the time for the third stimulus 025 sec. 


and for the interpolated stimulus 0125 sec. The electric responses in 
the nervegwere then recorded first with the two stimuli at the interval 
025 sec. and then with the same stimuli plus the interpolated stimulus at 


0125 sec. The upper curve in Fig. 21 shows the corrected record from 
the first. of these observations. The first response has cut down its 


successor slightly. The lower curve of Fig. 21 is that from the second 


observation. The interpolated stimulus has provoked a much reduced 


response which has cut down the third response so that it is slightly 
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isin (about 7°/,) than when preceded by the first response only, 
This reduction has rendered the disturbance set up by the third samulus 7 
| 


Pig 


In the 8 described in this paper I have dealt with what 
I regard as the simplest possible expression of the Wedensky effect, 
namely the case in which a stimulus which would otherwise cause 
contraction in a muscle fails to do so if preceded by another stimulus 
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which chuses no contraction. The Wedensky effect as 
previous observers is however a much more complex affair, and I have 
now to show that the explanation of the simpler effect with which 
I have dealt covers also the more complex ee described by 
others. 

The original fact described by Wedensky? was that a more or less 
fatigued. muscle excited from its nerve by repeated stimuli contracted 

if the frequency of the stimuli was not too high or their strength too 
great, but ceased to contract if either the strength of the current or its 
frequency was increased beyond a certain point. 

The simpler case with which we have dealt in this paper r corresponds 
obviously to the case of increase of frequency of current. It is clear 
that the interpolation of stim. ö between a and e is simply an increase 
of frequency of stimuli. The outcome of our experiments has been to 
show that the interpolation of the stim. ö brings the stim. o closer in 
time to its predecessor and consequently so reduces the magnitude of 
the disturbance set up by o as to render it inadequate to overcome the 

resistance to conduction from nerve to muscle. This fact remains 
essentially the same whether the stimuli are members of a long series 
or of a short series. The only point which we have to consider if the 
Stimm. o is to be followed by others is that the disturbance which it 
provokes should be reduced to such dimensions that it will in its 
turn render its successor unable to excite the muscle. If the stim. c 
were to fall so soon after b as to come within the refractory period 
of ö then we know that it could not modify its successors since 
it would set up no propagated disturbance. If therefore it falls at 
such a time and the Wedensky effect is to be maintained then one 
of its successors must fall at such a time that it will set up a 
propagated disturbance of magnitude insufficient to excite the muscle. 
The fact that the stimulus immediately following b has not set up a 
propagated disturbance will not interfere with the succession of events, 
except in so far as it may cause a subsequent stimulus to be slightly 
more effective than it might otherwise have been. If in fact the 
stimuli which fall on the nerve are unnecessarily frequent many of 
them will fail to set up propagated disturbances, and the sequence 
of events required for the Wedensky effect will be carried on Perhaps 
by every third stimulus or every fourth stimulus. 

It may not be so obvious how our explanation covers she case of 

alteration in the strength of the stimuli. The possibility of obtaining 


Ack. J. d. ges. Physiol, xxxvu. p. 69. 1885. Arch, de physiol. Sér. V. 11. p. 687. 1691. 
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the Wedensky effect by strengthening the stimuli must depend on two 
facts, namely (1) that the refractory period of the nerve is shorter for 
strong stimuli than for weak, and (2) that the magnitude of the 
_ propagated disturbance in a nerve is independent of the strength of 


stimulus. Consider three successive stimuli of which a excites the nerve, 


ö fails to excite the nerve owing to the refractory period set up therein 


by a, and o excites the nerve now more nearly recovered, setting up in 


it a propagated disturbance which excites the muscle. The Wedensky 
effect will consist in rendering o incapable of exciting the muscle. We 


have to enquire how this may result from the strengthening of all the 
three stimuli to an equal extent. The possibility of obtaining the 
effect depends, as we have learnt, on the stim. ö falling within that 
range of time at which it shall excite the nerve but not the muscle. 
We have supposed it to be falling so early that it does not excite the 
nerve. An increase in the strength of stim. ö will however render it able to 


break through the refractory period set up by a earlier than it other- 
wise would. This dependence of the apparent duration of the refractory 


state on the strength of the stimulus which attempts to break through 
it has been so frequently emphasized by the work of Fröhlich that 
I need give no proof of it here, though I have actually verified 
it and determined quantitatively the relation between the duration of 


the refractory state and the strength of the second stimulus, Moreover 


this point was dealt with fully by Hofmann in the course of his 
discussion of the mechanism of the Wedensky effect’. It is clear 


enough that the strengthening of the stimuli, if it affected only the 


stim. ö would lead to just those conditions which the Wedensky effect 
demands. But we have to reckon with the fact that the stimuli a and o 


are also strengthened. Is it not probable that the increase of strength of 


the stim. a will lead to a prolongation of the refractory state which it sets 
up, and so will counteract the strengthening of the stim. ö, leaving that 
stimulus still within the refractory period? That this will not occur is 


clear from the proof given by Bramwell and Lucas“ that the refractory 


state is an associate of the propagated disturbance and independent of 
any local effect of the exciting current. It follows from this fact, 
taken in conjunction with Gotch's evidence of the independence of 
the magnitude of the propagated disturbance on the strength of the 
stimulus, that the refractory state will not be prolonged when the 
stimulus by which it is provoked is 8 Fröhlich“ has stated 

1 Areh, J. d. ges. Physiol. om. pp. 818 et seg. 1904. 

* This Journal, p. 495. 1911. J. als. Physiol m. p. 477. 1904. 
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that if the stimulus used to excite a nerve is increased beyond maximal 
strength there results no clear prolongation of the refractory state by 
which the stimulus is followed, unless the nerve be either asphyxiated 


or narcotized. Bazett? dealing with the corresponding question in 


muscle states similarly that ‘it seems probable that the intensity of 


the first stimulus does not affect the result, provided it is strong 


enough: to produce a maximal contraction.’ In the same way the 


strength of stim. o will not affect the magnitude of the disturbance 
which it sets up, so that the only considerable effect of strengthening © 
the three stimuli will be to cause the stim. ö, which was otherwise 


ineffective, to set up a disturbance in the nerve. This disturbance will 
cat down that set up by o and render it unable to excite the muscle. 


Viewed in this way the strengthening of the stimuli becomes in effect 


identical with an increase in tleir—frequency since it causes some 
stimuli, which were ineffective, to excite the nerve. 

The third point of fundamental importance in Wedensky’s . 
ee e of the effect is that it is promoted by fatigue. I have 


already referred briefly to the circumstances which account for this fact. 


When a nerve-muscle preparation has been fatigued or kept for a long 
time in Ringer's fluid the interval between stimuli necessary to produce 
a second response or summated contraction in the muscle is greatly 
increased; on the other hand the refractory period of the nerve is not 


much altered- (cf. Figs. 17 and 18). It follows that the range of time 


within which the stim. ö may fall while still provoking a disturbance in 
the nerve and none in the muscle is greatly increased by fatigue. This 
wide range within which the stim. ö may fall is just the condition 
necessary for maintaining the Wedensky effect continuously. Consider 
for example a fresh tissue in the condition displayed in Fig. 17. If the 
Wedensky effect is to be maintained in such a preparation the stim. ö 


must fall precisely within the range (of about 0005 sec.) over which it 


cuts out completely the contraction caused by its successor, and its 
successor must also be timed as exactly in order to abolish the effect of 
a subsequent stimulus. Such a state of things could arise only when 
the stimuli either chanced to coincide precisely with the period 
demanded by the tissue, which would be an unlikely coincidence, or 


else were of such very high frequency that by the sacrifice of a large 


number within 


5 2 This Journal, XXXVI. p. 419. 1908. 
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exactly at the right moment might be ensured. The latter case would 
mean that the stimuli must be separated by a time interval of the 
same order as the range of time within which they must fall in Fig. 17, 
namely 0005 sec. In other words the frequency must be of the weder 
of 2000 per see. 

‘In a tissue in the state shown i in Fig. 18 on the other hand no such 
en in the timing of the stimuli is required. The range of time 
within which the stim. ö will produce the Wedensky effect is about ten 
times as long as in the case of the fresh tissue just considered. It will 
therefore be possible with a much lower frequency of stimuli to ensure 
that one shall always fall at the requisite time. In the preparation 
investigated in Fig. 18 stimuli whose frequency was of the order of 200 
a second would be certain to fall within the required range. 

As the result of these considerations we find the conditions necessary 
for the production of the Wedensky effect reduced to a sufficient con- 
duction resistance at the nerve-ending to allow a considerable range 
of time over which propagated disturbances may traverse the nerve 
without affecting the muscle, and a sufficient frequency of propagated 
disturbances in the nerve to ensure that some one fall within that 
range. 185 

The original paper of Wedensky does not by. any means exhaust 
the modifications of the effect which have been described. The earlier 

two of the papers published by Hofmann’ on tetanus afford many 
illustrations of the same fundamental fact. In the first of these he 
_ showed that an increase of the frequency of the stimuli applied to a 


nerve led to a more rapid fall of the curve of tetanus, the result being 


ultimately reached, particularly when curare was used or when the 
preparation was fatigued, that the only effect on the muscle was a short 
contraction (‘ Anfangs-tetanus’) at the commencement of the series of 
stimuli, This observation falls in quite simply with the explanation 
put forward in this paper. It is a necessary consequence of the present 
explanation that the first at least of the stimuli applied to the nerve 
should cause a contraction in the muscle, unless fatigue has gone so far 
as to render the nerve-ending impassable to a single propagated dis- 
turbance, a condition which occurs, as I have mentioned above, only in 
extreme fatigue. In the earlier stages of fatigue many of the earlier 
members of a series of stimuli may excite the muscle, the resistance to 
conduction not being established enough to produce the Wedensky 
effect until the disturbances set up by these stimuli have added to the 


1 Arch, . d. ges. Physiol. LI. p. 186, 1908. Ibid. xov. p. 484. 1908. 


7 74 
* 
i= 
ra 
“a 
K. 
2 
he 
id 
E 
if 
6—2 
* 


84 E. LUOAS. 
fatigue... The action of curare is an interesting confirmation of the 
explanation offered, since the drag is known to produce just the effect 
demanded, namely an increased resistance to conduction from nerve to 
muscle accompanied by very little alteration in the properties of the 
nerve-trunk. In the second of his papers Hofmann extended these 
observations to mammalian tissues, the results being very similar g 
except that these tissues require rather more severe treatment with og 
drugs or narcotics before the resistance to conduction between nerve 
and muscle is raised to the necessary degree. 

In a more recent paper Wedensky* described observations on 
locally narcotized nerve, showing that the effects which he had pre- 
viously described as being due to a fatigued nerve-ending could be 
reproduced by the local narcosis of a short stretch of the nerve-trunk. 
In fact he was able to speak of the junction of narcotized and non- 
narcotized nerve as an artificial nerve-ending*,. Not only local narcosis, 
but the local application of strong solutions of electrolytes or a high | 
temperature were shown to produce this effect. To bring these ob- 
servations under the explanation here offered for the normal Wedensky BS 
effect we need to postulate only one condition, namely that the pe 

reagents used by Wedensky all caused a local impairment of con- 
duction in the nerve-trunk. That this postulate is justified needs no 
further demonstration than the fact that all these reagents are known, 
if allowed to act more intensely, to establish in the nerve a complete 
block to conduction just as fatigue of the nerve-ending when pushed 
far enough suspends completely conduction between nerve and muscle. 
Fröhlich“ has called attention to the fact that the phenomena 
described by Wedensky appear in that stage of narcosis which a 
immediately precedes complete suspension of conductivity in the nerve. ee 
I Tconelude from the consideration of these modified forms of the 
Wedensky effect that the explanation which I have offered of the 5 
simple phenomenon observed in this paper is able to — more * 
complex cases which other observers have described. a = 


© Previous explanations. | 
part of this paper has already dealt with. the 
of the Wedensky effect put forward by Fröhlich. The experiments a 
there described have shown that a prolongation of the —— state 


| 1 Arch. J. d. ges. Physiol. o. p. 1. 1908. ker ftp. 1. 
* Ztechr. f. allg. Physiol. mi: p. 471. 1904. 
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dy a stimulus’ falling within the refractory as postulated 
8 Fröhlich, does not occur. 
It appears that Wedensky’ in an early paper made use of an 
„ identical with that now adopted by Fröhlich. Sub- 
sequently he abandoned his earlier view and ascribed his effect to 
a condition which he called Parabiosis*’ This condition he described 
as one of stable and non-oscillating excitation. I would submit that if 
the hypothesis which I have offered in this paper suffices to explain 
the effect in terms of known properties of nerve and muscle, there is no 
need to follow Wedensky in postulating a new and unknown Property ; 
of the excitable tissues. 
The only other explanation of the Wedensky effect is that offered 
by Hofmann*. He starts from the observation of Engelmann that 
the passage of a wave of excitation over a muscle is succeeded by a 
period of impaired conduction. Such impaired conduction he regards 
as probably not present in the nerve, since medullated nerve has been 
shown to be incapable of fatigue. In the nerve-ending however the effect 
does probably occur, leading to a decrement of the wave of excitation. 
The more rapidly the waves of excitation follow one another the greater 
will be the fatigue in the nerve-ending and consequently the greater 
the decrement. Of the effect of this decrement he offers two alterna- 
tive accounts. It may either lead to the waves of excitation dying out 
completely in the course of their passage through the nerve-ending, or 
else may reduce them to such small magnitude that they are below the 
threshold of excitation for the muscle. He does not attempt to 
differentiate between these possibilities. He then proceeds to show 
that either of these hypotheses would account for the observed facts of 
the Wedensky effect. The production of the effect by increase of 
strength of a tetanic current he explains as due to the shortening 
of the refractory period when the strength of the propagated dis- 
turbance is increased. The seat of the refractory period so affected he 
supposes to be the nerve- ending. 
In reading Hofmann’s discussion of the problem one cannot fail to. 
be struck by the critical acumen with which he handled the evidence 
which was available when he wrote. That the evidence was incomplete 
ö 1 en al and it is only in the light of new experiments me 


a Cf. Arch. . d. ges. Physiol, cut, p. 331. 1904. in 
the original Russian paper by Wedensky from which Hofmann quotes. 
2 Arch. f. d. ges. Physiol. o. 
Ibid. cmt. p. 291. 1204 * Loe. cit. p. 527. 
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I venture to oppose his conclusions, The explanation which he offered 


does not differ very widely from that to which I have been led by an 


independent line of reasoning. I shall attempt to show wherein the 


difference lies and what is the evidence in each case on which I base 


my view. | 
In the first place the incomplete recovery of an excitable tissue 


after the passage of a propagated disturbance does not lead to decrement — 


of the succeeding wave in the sense that a wave tends to die out more 
and more as it travels further. It appears rather that the wave is 
reduced almost at once to a certain size which it maintains during 
further conduction. This fact can be seen in the curves published by 
Gotch in his paper on the electric response of nerve to two stimuli’. 
In Fig. 2 of that paper for example it will be noticed that when the 
size of the second response is reduced owing to its proximity to the 
first response the second phase (response under the more. distal 
electrode) maintains practically the same ratio to the first phase as it 
had in the response provoked by the. first stimulus. Consequently 


a propagated disturbance will not as the result of its proximity to 


a previous disturbanoe die out in the course of conduction. Moreover 
I have found that in a homogeneous tissue, such as the sartorius muscle 
of the frog excited directly, it is impossible for successive disturbances 


passing along the tissue to be all reduced by their predecessors to a size 


less than that which will give an electric response of about half the 


maximal E. M. T. The reason for this lies in the fact that if one 


disturbance is reduced to still smaller dimensions its effect on its 
successor is weaker and consequently its successor is very little reduced. 
For these reasons it is clear that Hofmann’s first alternative of 
successive disturbances causing one another to die out must be rejected. 
We are left with his second alternative, that the disturbances are so 


far weakened as to be subliminal for the muscle. With the bare state- 


ment that the occurrence of propagated disturbances subliminal for the 
muscle is the basis of the Wedensky effect I am in entire agreement. 


I differ however from Hofmann when he supposes the weakening of 


the disturbances by their predecessors to take place entirely in the 
nerve - ending. He rejected the idea, that the weakening took place in 
the nerve on the ground that under the conditions of the experiment 
the nerve was incapable of fatigue. The failure of fatigue in a 
medullated nerve had however been ascertained only in so far as the 
nerve had been found not to be impaired when tested some seconds or 

3 1 This Journal, 41. p. 250. 1010. ae 
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more after the cessation of a long series of stimuli. We have seen above 
that for a short period (of the order of a hundredth of a second) after the 
passage of a previous propagated disturbance there is functional impair- 
ment of the nerve. It is this short period of incomplete recovery which 
is in my view responsible for the weakening of the successive dis- 
turbances in the nerve. The main part which I ascribe to the nerve- 
ending is the inability, particularly when in a state of cumulative fatigue 
induced by long previous activity, to conduct the weakened disturbances 
_ which reach it from the nerve. 

7 In a similar way I fail to agree with Hofmann when he supposes 
that the strengthening of an interrupted current of given frequency | 
promotes the Wedensky effect by causing the disturbances set up in the 
nerve to overcome the refractory state of the nerve-ending. I place the 
refractory state which the stronger stimuli break through more easily in 
the nerve. My reason for doing so lies partly in my observation that 
ease of obtaining the Wedensky effect is associated with a long interval 
between the time when the refractory period of the nerve ends and the 
time when a stimulus can first provoke through the tierve a second 
response in the muscle. There is also the more direct evidence, from 
the experiments of Bramwell and Lucas“, that the failure of the 
second of two stimuli to provoke indirect excitation of a muscle is due 
to the incomplete recovery of the nerve itself and not to the refractory 
period of the muscle or of the nerve-ending. Hofmann himself saw 
one serious objection to which his supposition was open, namely that it 
postulated an increase in the magnitude of the propagated disturbance 
in the nerve-fibre as a result of increase in the strength of stimuli. — 
Without such a mechanism the stronger stimuli applied to the nerve 
could not have the effect of breaking earlier through a refractory period 
situated in the nerve-ending. The difficulty of this postulate lies in the 
fact that it is at variance with Gotch’s evidence that the propagated 
disturbance in each nerve-fibre is independent of the strength of stimulus | 
by which it is provoked. Under the ve N ! is no 
need for such a Postulate. 


V. Conor 


M object i in thie paper has been to determine whati is the precise 
4 of conduction between nerve and muscle which renders the 
— effect, possible with indirect excitation and with that only. 


1 This Journal, rl. p. 495. 1911. 
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The conclusion to which my observations lead is that it is a resistance 
to conduction greater than that possessed by the normal nerve-fibre, 


This property is one known to be present in even greater degree i in 


tha central nervous system. The suggestion is obvious that possibly 
such a series of events as that which I have described may play a part 
in normal inhibition. That the Wedensky effect is a reproduction of 
normal inhibition has been maintained by Wedensky’ and by 


Fröhlich“, and has been opposed by Hofmann“. I venture to hope 
that the observations described in this paper have so far eludicated tbe 


mechanism of the effect as to give more precise data for the discussion 
of this problem. It has at any rate become clear that of the two 
conditions essential for Wedensky's inhibition, resistance to conduction 
and frequency of progagated disturbances, the central nervous system 
certainly possesses one. Whether some neurones possess the property 
of transmitting disturbances frequent enough to cut one another down 
below the threshold of the synapse in which they terminate I cannot 
pretend to say. A neurone so occupied would certainly be a complete 
block in the path of any impulses which might attempt to traverse it. 
Such questions only future work can decide. For the present I would 
do no more than suggest that it may be well, before postulating the 
existence in the nervous system of any mechanism of inhibition which 
involves processes not demonstrable in the simple excitable tissues, to 
enquire carefully how far the phenomena of inhibition may be explained 
in terms of such known properties of the excitable tissues as suffice 
to account for the apparent inhibition investigated in this paper. 
SUMMARY. 
which Wedensky observed in a muscle excited from its motor nerve. 
The hypothesis put forward by Fröhlich, that the effect results from 


successive stimuli each falling in the refractory period set up by its 


predecessor and rendering the tissue refractory for its successor, is first 
examined. 

Experiments made on the sartorius muscle of the frog excited 
directly show that a stimulus falling within the refractory period set up 
by a previous stimulus does not prolong the state. 
1 Arch de physiol. Ser. v. mm, p. 696. 1891. _ 


Med.-Naturw. Archiv, 1. p. 289. 1907. fall. pi p. 1900. 
1904. 


bis paper containe an investigation of the apparent inhibition 
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result which a stimulus falling at such a time may produce is to sum its 
exciting effect with that of a subsequent effective stimulus and 0 
increase the response provoked by the latter. 

Similar experiments are made on the 1 muscle excited 
from its motor nerve. For this purpose it was necessary to show first 
whether when two stimuli are applied to the nerve at so short an 

interval of time that they fail to produce a second response in the 
muscle the second stimulus has necessarily fallen within the refractory 
period set up in the nerve by the first. It is found by simultaneous 
_ observations of the contraction in the muscle and the electric response 
in the nerve that with an interval between ‘stimuli about 20°/, less than 
that which suffices to produce a summated contraction in the muscle 
there is already a second electric response in the nerve. It appears 
therefore that a second stimulus which falls on the nerve too early to 
produce a second response in the muscle may nevertheless have fallen | 
outside the refractory period of the nerve. : ay 

In view of this fact experiments are made to determine whether a 
stimulus, falling on the nerve while the refractory period set up by 
a previous stimulus does actually last, is able to prolong the refractory 
state. No such prolongation can be detected. The only effect of such 
a stimulus is a possible summation such as that described in the case of 
muscle excited directly. 

For the purpose of further investigation of the Wedensky effect use 
is made of a phenomenon described in this paper, which probably 
represents that effect reduced to its simplest terms. If two stimuli are 
sent into a nerve at such an interval of time that the second produces 
a small second response in the muscle it is possible by interpolating — 
a stimulus between them to abolish the second response. It is shown 

that the occurrence of this effect is related to the time at which the 
interpolated stimulus is sent in. The abolition of the second response 
results only if the interpolated stimulus is so timed that it falls outside 
the refractory period of the nerve and sets up in the nerve a propagated 
disturbance which fails to excite the muscle. 
, On these experimental facts there is founded the hypothesis that the 
effect here described results from the interpolated stimulus setting up 
in the nerve a propagated disturbance which, though so far weakened 
dy proximity to its predecessor that it is itself unable to overcome the 


resistance to conduction from nerve to muscle, nevertheless so weakens 


it also unable to 
excite the muscle. 
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It is shown by observations made on the nerve with the capillary 
eee during the occurrence of this inhibitory effect of an inter- 
polated stimulus that such a successive cutting en of the electric 


responses in the nerve does actually occur. 


The apparent inhibition described by Wed 3 and the related ; 


phenomena of Anfangs- tetanus described by Hofmann and of local 
narcosis described by Wedensky are more complex than the simple 
inhibitory effect of an interpolated stimulus. It is shown however that 
these more elaborate effects can. be brought under the explanation here 
offered for the simpler. In particular it is shown that the promotion of 
Wedensky's apparent inhibition by fatigue and by various drugs may 
result merely from an increase in the resistance to the conduction of 
ph disturbances of subnormal magnitude from nerve to — 
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OBSERVATIONS ON THE EFFECT OF STIMULATION 
OF THE EIGHTH AND NINTH SPINAL NERVE 
ROOTS, UPON THE BLADDER OF THE TOAD. Br 
FRANK f. KNOWLTON. | wots 


Prom the Physiological con 


| AccoRDING to-Steinach and Wiener db vesico-motor fibres are found 
in both anterior and posterior roots of the 7 = 8th, and 9th 880 
nerves of Rana esculenta. 

In Rana temp., i obtained no effect on the bladder 
from stimulation of the posterior roots; and in only one case obtained 
an effect from the anterior root of the 8th nerve. 

Dale , working on the frog and toad, found no evidence that the 
posterior roots carry efferent fibres. In his experiments, stimulation of 
the anterior roots of the 8th nerve was also without 808 upon the 
bladder. 

In a recent investigation of the autonomic system of the frog, 

Langley and Orbeli® find that the spinal segment in the neighbour- 
hood of the 8th nerve has no autonomic fibres, and that thus we have 
in the frog a condition comparable to the separation of sympathetic 
and sacral autonomic systems in the mammal. 
_ Some degeneration extending from the 8th nerve, into and below 
the 8th sympathetic ganglion, was found by Langley and Orbeli o 
indicating the possibility of a shifting of the sympathetic fibres in the 
toad; and that P᷑I 
autonomic fibres. 

At Prof. Langley's suggestion, a study was made of the effects 
of stimulation of the 8th and 9th nerve roots upon the bladder 1 the 
toad. 

Twenty-one experiments were The brain was 
pithing, the spinal canal opened, and the roots of the 8th and 9th 
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BLADDER OF TOAD. 


nerves 1 ligated, and cut. The toad was then fastened on its 
side, an opening made in the lateral abdominal wall and the bladder 
thus exposed. The movements of the bladder could then be directly 
observed under a lens. Except when under observation, both bladder 
and nerves were covered with a pad of cotton wet with Ringer's 
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of the a light was afterwards 


to the bladder and the contractions recorded. This latter procedure 
was useful in differentiating between the rhythmic contractions which 
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were frequently found present, and the contractions due to nerve 

stimulation. Fig. 1 shows such a record, the difference between 

rhythmic contractions and those following stimulation of the roots 

being evident. In these cases where a record was taken, sufficient 
curari was injected to greatly diminish but not completely abolish the 
tetanus of the voluntary muscles, 


Fig. 1. 


“The sympathetic nerve in the toad seemed 


sensitive to curari, 0-2 d. of a 0˙2 %% solution greatly reducing the 


effects of stimulation. This result is seen in Exp. 7, where only feeble 
contraction was produced by strong stimuli; and in Exp. 8, where the 
endings were completely paralysed. With the dosage used in the later 
experiments no difference could be observed between the effects of 
stimulation in curarized and uncurarized toads. : 

The method of procedure and usual result may be sufficiently 
indicated by the following abstract of an experiment. 

Exp. 19. Brain destroyed by pithing. Roots of the 8th and 9th nerves exposed, 


separated, ligated and cut at their origin from the cord. Bladder observed under lens. 
Stimulus felt on tongue when secondary coil is at 12 cm. 
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Stimulation. 
Feen The coil was then moved 1 om. and the stimulation repeated. 
oe With the 9th nerve, stimulation of the anterior root caused a Teeble contraction with 


94 | BLADDER OF TOAD. 
Beginning. with, seoduddry coil at 21 em. the: four roots were each 


coil at 18 cm. and a maximum effect at about 6 om. 
_ Stimulation of the posterior root gave no effect. 
bs obtained vith any strength’ 
of current, though twitching and tetanus of the voluntary muscles occurred with stronger 
currents, 
Arranged to record contractions. 
soot. of the was with coll 
at 16 om, 
Posterior root of the 9th gave negative results. 
No contraction from stimulating the 8th nerve. 


af 


Except when paralysed by curari, stimulation of the anterior root of 
the 9th nerve always caused a positive contraction of the bladder on 
the same side. Contraction was usually obtained with a stimulus too 
weak to be felt on the tongue. 

The presence of vesico-motor fibres in the 8th nerves, as shown by 
contraction of the bladder on stimulation was found in two cases only. 
The contraction was in each case feebler than that produced by 
stimulation of the 9th nerve and a stronger current was required to 
produce the effect. It may be concluded that the number of fibres was 
small. 

The results of stimulation of posterior roots were negative throughout. 
An apparent effect in one instance, was found to be unmistakably due 

At the end of each experiment the lumbo-sacral plexus was 1 
The type of plexus in every case but two corresponded to the median, 
as described by Langley and Orbeli, for the frog. The 7th nerve is 
usually about the size of the 6th, the 8th and 9th large. The pelvic 
nerve, as a rule, arises from the sciatic and receives fibres from the 10th 
nerve, The two cases of the presence of fibres for the bladder in the 
8th nerve could not be associated with any peculiarity of plexus, except 
that the 8th nerve was large, it being in both instances about double 
the size of the 9th nerve. A large 8th nerve was found in other 
instances where there was no indication of its TEA: r for the 
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CONCLUSIONS. 


In the majority of cases, stimulation of the 8th nerve roots produces 


no effect on the toad’s bladder. The arrangement of the autonomic 
system seems thus to be similar to that of the frog, and the difference 
in the size of the nerves in the toad and the frog is not accompanied by 
or due to a shifting of autonomic fibres, No evidence of the presence 
of efferent fibres in the posterior roots was found. In conclusion I wish 
to thank Prof. Langley for his very kind supervision and i helpful 
W in connection with the work. 
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THE INDOPHENOL OXIDASE OF ‘MAMMALIAN AND 
Schism TISSUES. By H. M. VERNON, 


(From the Physiological Laboratory, 


Ix a previous paper! I described a quantitative method for the estima- 
tion of the indophenol oxidase of animal tissues, and gave the results 
obtained with various organs of the rabbit and rat. In. the present 
paper are recorded the results obtained with tissues of other mammals, 
with birds, and a few cold-blooded animals. The method used was the 
same as before, and consisted in exposing 5 c.c. of a M/150 solution of 
a-naphthol and paraphenylene-diamine to the action of 5 gm. of the 
finely chopped tissue for an hour in a Petri dish, extracting the indo- 
phenol so formed with 10 cc. of 97% alcohol, and estimating it 
colourimetrically. In a few instances it was not possible to obtain 
as much as 5 gm. of a tissue for examination, so 15 gm. of it was 
taken, and was mixed with 1˙5 cc. of substrate in a smaller Petri 
dish (48 cm. in diameter instead of 8°8 cm.). As shown in the 
previous paper, the amount of surface exposure greatly influences 
the rate of oxidation, and approximately the same ratio between 
weight of tissue and area of liquid exposed to the air was thereby 
obtained. The same colourimetric standard was used as before, but 
it was found to be safest to make the standards by adding one part of 
M /100 substrate to 200 parts of 50 % alcohol without any bleaching 

powder solution, and to keep them for a few days until the spontaneous 
oxidation to indophenol was complete. The bleaching powder, though 


it greatly hastens the rate of indophenol formation, sometimes destroys 
small quantities of it. 


1 Vernon. This Journal, XIII. p. 402. 1911. 
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Te owidase of mammalian tissues, 


The 9 obtained with the heart, kidney, brain and liver of, various 
mammals are given in the table. The animals are arranged in the order 
of their size from the harvest mouse (Mus minutus), the smallest of 


British mammals, to the ox, and their mean CO, output per kilogram 


per hour is likewise given’. No determination of the CO, output of the 
harvest mouse is available, but presumably it is considerably _ 
than that of the common mouse. 


of indophenol formed by 

Harvest mouse en. 103 (17) 61 41 
Mouse (wild) 20 7˙4 gm. 52 43 82 81 
Mouse (tame) 81 8°4 64 45 87 24 
Rat (tame) 8°5 29 25 
Guinea - pig 400 17 48 17 24 * 
Hedgehog 5600 10 40 19 17 22 
Rabbit 2400 11 50 18 16 7 
Cat 8000 1·4 49 15 14 14 
Dog 11500 14 55 14 17 11 
Sheep 70 Rgm.? 7 40 Ee | 12 9 
Pig 100 „ 71 7 32 19 12 x 
Ox 650 „ ? 5 56 21 18 8 


In every mammal examined the heart muscle had the highest 
oxidase content, the amount of naphthol + diamine oxidised to indophenol 
in an hour being generally about 50°/,. The extreme values range from 
102 % to 40°/,, but seven of the twelve vary only from 49 to 56 %, or 
show a remarkable constancy considering the range of animals examined. 


The values of over 100°/,*quoted for the heart muscle of the harvest 


mouse and of certain birds, were obtained by allowing ‘3 gm. or less of 
the tissue to act upon 5c.c. of substrate instead of the normal “5 gm., and 
correcting accordingly: In the case of the harvest mouse, only 06 gm. 
of chopped heart muscle was available, and this was allowed to act upon 
1˙5 C. c. of substrate. 

The liver always, with one exception, contained the smallest amount 
of oxidase, but the extreme values vary more than those for the heart, 
as they range from 41 % to 7 %. However, six of them vary only from 
11% to 7%. Most constant of all are the kidney and brain values, for 
all the animals from the guinea-pig to the ox show a range of only 14 to 

1 Taken from the data quoted by Pembrey in Schäfer's Text-Book of Physiol. 1. p. 706, 


except that for the hedgehog, which was determined by Pembrey (This Journal, xxrx. 
p. 195), and that for the canary, — by G. Douglas. 


PH. XLII. 7 


4 
4 
* 
ig 
rt 3 
“al 
fo 
— 
* 
E. 
Bias 
8 
74 
‘ 
2 
« 
7 
x 
7 
* 
72 
‘3 
2 
E 
i 
* 
N 
q 
x 


98 


H. M. VERNON. 


21% in their kidney oxidase, whilst all the 1 from the hedgehog 
to the ox show a range of 12 to 18°/, in their brain oxidase. Finally 
one may say. that in all mammals from the rabbit to the ox the oxidase 
content is nearly the same for each individual tissue. 

The greater richness in oxidase exhibited by the tissues of the 
smaller mammals is presumably connected with the more rapid oxida- 
tion processes they are called upon to perform. The CO, output of the 
common mouse is about six times greater than that of the cat and dog, 
and 16 times that of the ox, and we see that its kidneys, brain and liver 
are two or three times richer in oxidase. Its heart muscle is very little 
richer in oxidase, however, and this is the more surprising as the heart 
muscle of the harvest mouse is at least twice as rich in oxidase as the 
heart muscle of the larger mammals. Still the brain and liver of this 
mouse are four times richer. The value obtained for the kidney is put 
in brackets, as it is almost certainly too low; the viscera had under- 


gone some decomposition before examination, and had probably lost 


some of their oxidasic power. 


The kidney, brain and liver of the rat have an oxidase content lying | 


between that of the common mouse and that of the larger mammals, 
but of the next two larger mammals the guinea-pig shows an excess of 
oxidase above the average only in its brain, and the hedgehog, only in 
its liver. Why the oxidase content of all the animals from the rabbit 
to the ox is practically constant, n their CO, . varies as 1˙4 
to 5, is unknown. 

The values given for the tame mouse are the mean of two sets of 
determinations ; those for the rat, of three sets, and those for the rabbit, 
of four sets. The actual data are here given, as they serve to emphasize 
Brain 84 40 21 31 23 14 19 16 17 

Liver 25 22 17 16 19 6 8 


the constancy of the oxidase content of the 3 Except for one 
rather aberrant brain value, none of the values obtained with rat's tissues 
differ by more than 8°/,, whilst with the exception of one heart value, 
none of those obtained with rabbit's tissues differ by more than 10 W. 
The last two rabbits referred to in the table were washed out unte 
mortem with warm oxygenated Ringer's solution, but this made no 
difference to the oxidase content of their tissues. - 
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In the previous paper I gave the oxidase ale obtained: with, 


a number of other tissues of the rabbit besides the four ‘mentioned, and. 


showed that they corresponded to some extent with their degree of 
oxygen saturation as determined by Ehrlich! by his intra vitam staining 
methods. These observations have been repeated with the same tissues 
of the dog and cat, and the results obtained are given in the table. It 
be seen that. agree well with data. ‘Tissues of 


Heart musole 50 
I. Tissues highly saturated with | Tongue muscle S GR OH. 
oxygen, in which indophenol blue Diaphragm muscle 205 18 59 
remains unchanged ‘ Renal cortex ; 34 1 
Grey matter of brain 

Submaxillary gland 21 31 10 

_ | Parotid gland 7 — 21 
II. Tissues which reduce indophenol | Mammary gland cs re 
blue to indophenol white, but not!“ Lachrymal gland 
alizarin blue to alizarin white Renal medulla (papillary zone) 28 26 00 
White muscle of leg 
(Esophagus muscle 19 26 84 

III, ‘Tissues of the highest degree of Liver | | 7 14. 
oxygen avidity, which reduce ali - {tae | 17 
aarin bine to alinarin white White matter of brain BL (80 


Ehrlich’s first class are all very rich in oxidase, Tongue mne of the 
cat is even richer than its cardiac muscle, whilst e muscle of 
the dog is richest of all. 

Tissues of Ehrlich's second class include most glands, unstriated 
muscle and most striated muscle. The data obtainéd are not very, 
complete, but it will be seen that most of them indicate a much poorer 
oxidase content than that observed with tissues of the first class. 
Specially striking is the papillary zone of the kidney, which does not 
contain a tenth as much oxidase as the cortical zone. The results 
obtained with striated muscle need special explanation. Ehrlich stated 
that most muscles reduce indophenol blue, but that a few such as the 
diaphragm, muscles of the tongue, eye and larynx and individual neck 
muscles do not. He makes no mention of red muscles such as the 
semi tendinosus (of rabbit) and the, soleus, but probably these e 


1 Ehrlich Das Sauerstof-Bedurfaiss des Orjaniamus. Berlin, 1886. 
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to be included in his first class. Of rabbit’s muscles, I found that 
the semi-tendinosus formed 14 ½ of indophenol, the soleus 11°/,, and 


the larynx muscles 7 /. Of the white muscles examined the pectoralis 
major formed 1%, the semi-membranosus —1°1 ½, and the gastro- 


so many reducing substances that the naphthol + diamine added to 
them did not undergo oxidation 80 rapidly as it did spontaneously in 
the control solution containing no muscle. Reasons are given in the 
previous paper for thinking that white striated muscle does contain a 
good deal of oxidase in spite of such negative values, and in fact that. 
all data obtained with muscle are of doubtful validity by reason of the 


thigh formed - 4%. All of the muscles of the dog appear to be red, 
29 and the extensor of the thigh, the only one neg formed no less Wan 
49 ‘fo of indophenol. 


“With regard to the tissues 
that liver is fairly rich in oxidase, but that lung contains very little of 


the ferment. Ehrlich states that fatty tissues fall in this group, and so 
presumably the white matter of the brain ought to beincluded. Ehrlich 


nd does not appear to mention this definitely, though he repeatedly asserts — 
i that only the grey matter of the brain oomes in his first class. In any 
- case, whether belonging to the second or the third class, the white 
matter of the brain is very much poorer in oxidase than the grey 


matter, the average amount being less than a fifth as much. In my 
previous paper I gave a much higher oxidase value for the white matter 


2 of rabbit’s brain, but this was erroneous as some of the sample of white 
4 matter used was taken from the pons, where it would be mixed with 
8 grey matter. A sample carefully dissected from the corona radiata 
*** of another rabbit brain gave the value quoted in the table. | 


Tha of avin 


: table. They include the observations made with pectoral muscle and 


leg muscle. It will be seen that the heart of the four smallest birds 
investigated contains about as much oxiduse as the heart of the harvest 
mouse, and twice as much as the average mammalian heart, That of 
the duck and goose contains about the same amount as the mammalian 


onemius 10 /. That is to say, these last two. muscles contained © 


_ excessive amounts of reducing substances present. Of the cat’s muscles, 
the soleus formed 9°/, of indophenol, whilst the white extensor of the 
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heart, whilst that of the hen contains distinctly less. Two sets of con- 


sistent observations were made upon hen’ . — so there can be no 
doubt as to their correctness. 

The kidney of the canary, sparrow and starling is about twice as 
rich in oxidase as that of the larger birds, and three times as rich as 
that of the larger mammals. The brain of all birds except the hen 
shows smaller variations, and in actual oxiddse content small birds show 
no advantage over small mammals. The large birds, however, have 
distinctly more brain oxidase than the larger mammals. The liver 
values show the greatest differences of all, for whilst the hen has no 
more oxidase in its liver than large mammals, the other large birds have 


two or three times as much as the large mammals, and the small birds 


a good deal more than the small mammals, Also the liver of birds is 


generally richer in oxidase than the brain, and sometimes even than the — 


| paint instead of being poorest as in mammals. 


Goose 4000? 


Canary 20 gm. 117 gm. 125 53 113 61 
Sparrow 285 105 100 50 30 38 86 — 
Starling 11 98 52 29 41 71 30 
Pigeon — 10 27 25 19 95 30 
Hen (young) 1400? 17 31 14 14 8 +89 — 8 
Hen (old) 17 39 
Duck (tame) 18007 29 28 
VV 23 8-2 


Taking them weight for weight, birds have distinctly more oxidase 


in their tissues than mammals. Presumably this is due to their higher 
body temperature and greater respiratory exchange. In agreement with 
these facts, Ehrlich found by his intra vitam staining methods that 
the tissues of birds are in a en state of oxygen saturation than ne 
mammals. 

The correspondence 8 respiratory exchange and the oxidase 


content of the tissues in birds is much more striking than that observed 


with mammals, The relation is well brought out by taking averages, as 


has been done in the accompanying table. The average heart value, 


88'3, has been divided into each individual heart value, the average 

kidney value into each kidney value, and so on. It will be seen that all 

the tissues of the canary, the bird with the highest respiratory exchange, 

were much richer in oxidase than those of other birds, and that they 
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H. M VERNON. _ 


average 37 / more oxidase than the general mean. Tissues of the 
sparrow are rather poorer in oxidase than would be expected from the 
respiratory exchange of the bird, but in all the other birds except the 
hen, which is omitted from the table, the average oxidase content of 
the tissues dwindles steadily as the respiratory exchange dwindles. 
The range of variation in oxidase is much smaller than that of respi- 
ites exchange, but the close gee between the two is —— 


Relative amount of indophenol formed by | ‘ed 


Bird “Heart Kidney Brain Liver Mean 
Canary 1°42 139 1°80 1°85 1°87 117 gm. 
Sparrow 1:18 131 100 144 106 
Starling 1˙1¹ 1:36 1-05 193 101 — 
Duck 69 85 83 84 
Goose 55 58 83 87 “71 3 


Though the oxidase content of a tissue is to a considerable degree 
dependent on its respiratory exchange, it is probable that a still more 


important factor is its power of sustained activity. This is suggested 
by the results obtained with red and white mammalian muscle, for we 
know that white muscle, though capable of acting vigorously for short 


periods, is much more rapidly fatigued than red muscle. Red muscle, 
as of the diaphragm and tongue, is in a constant state of moderate 
activity, whilst the muscle possessing the power of sustained activity 
to the greatest extent of all, viz. the heart, is likewise the richest in 
oxidase. The results obtained with the pectoral and leg muscles of 
birds strongly support the view suggested. Thus the pectoral muscle 
of vigorous flying birds such as the canary, sparrow, starling and 
pigeon all contain a huge amount of oxidase, whilst: their limb muscles 
contain only a third or half as much. On the other hand the pectoral 
muscles of the tame hen and duck, which are used very little at any 


time and never for sustained flight, gave negative values for their 


oxidase content. The leg muscle of the duck contained a fair amount 
ol oxidase, whilst that of the hen gave a negative value, though not so 


considerable a one as the pectoral muscle. The comparative richness of 
the pectoral muscle of the goose in oxidase must be due to the fact that 


this bird possesses more power of flight than the hen and duck. 
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The owidase of cold-blooded animale, 

The few made on cold-blooded animals hate 
tissues run parallel in oxidase content to those of mammals. The heart 
is always the richest in oxidase, and the liver the poorest, whilst as a rule 
the kidney is rather richer than the brain. The oxidase in the liver was 


80 small in amount that it could not be estimated. Skeletal muscle of 


cold-blooded animals resembles that of warm-blooded, as a a of 
tortoise leg muscle 2882 17% of indopheno. 
of indophenol formed by 


Weight Heart Kidney rain Liver ~ 
Frog (R. temporaria) 25 gm. 11 gm. 12 £42 8°5 Very little 
Natterjack toad 15 402s 
Tortoise (Emy) 420 — 
Tortoise (Testudo) 600 — 11 2˙0 9 ˙1 


The figure given for the CO, output of the frog was obtained at 
176°C. It is about a fifth as great as the CO, output of the ox, whilst 
the oxidase content of the frog’s tissues is about a fifth that of the 
corresponding tissues of the larger mammals. However, no stress can be 
laid on this parallel, as the temperatures of the animals are so different. 
A temperature of 37° kills a frog, but at 30° its CO, output is 55 gm. 
per kgm. per hour’, or the same as that of the ox. One can only say 
that at a temperature normal to the frog the relation between CO, out- 
put and oxidase content of tissues is the same as it is in the ox when at 
its normal temperature. 

No determinations of the respiratory exchange of the tortoise seem 
to N been made, but probably it is smaller than that of the 1 


‘So far as they have been investigated, intracellular enzymes are 
either absent from the tissues of small embryos or are present in very 
small amount, whilst they gradually develop and increase with growth 
of the embryos and for some days or weeks of post-natal existence. 
This rule holds for erepsin“, catalase’, adenase“, lipase* and ä 
ane I find it to be equally true for indophenol oxidase. — | 

1 Vernon. This Journal, XI. p. 447. 1897. 
* Vernon. Ibid. II. p. 81. 1905. 
*Battelliand Stern. Arch. di Fisiol. n. p. 471. 1906. 
Jones and Austrian. Journ. Biol. Chem. ut. p. 227. 1907. 
and Shaffer. Journ. Med. Research, xm. p. 549. 1905. 
Mendel and Saiki. Amer. Journ. Physiol. p- 1908. 
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weighing on an average 1°9 gm. contained about a third as much 


tained just enough oxidase to neutralise the reducing power of its 
reducing substances upon naphthol + diamine. Rat embryos just before 
birth gave a small positive value for the brain, and had about a quarter 
as much oxidase in the heart and kidney as the adult organs. A rat 


Nate Mouse s tissues 


A 


25 
17 


VCS 
Lier 64 64 7 21 80 


liver. In fact more ferment was present than in the adult liver. Rats 
a week or two old likewise had more liver oxidase than adult rats, and 
the other data adduced show that a similar excess of liver oxidase is 
present in young rabbits, guinea-pigs and mice. The reason is unknown, 
bdut perhaps for a few days after birth the liver has an unusually large 
metabolism in order to produce heat to keep up the body temperature 
of the unprotected animal, for its muscles would be too ill e to 
afford much heat production, 
Ihe other tissues of the young rat are considerably poorer in oxidase 
than those of the adult, but in the 19 gm. rat—probably about a 
fortnight old—the heart and kidney had nearly reached their full value, 
and the brain two-thirds its full value. 

Of the mouse embryos examined, those 3 gm. in weight contained 
in their liver a sixth as much oxidase as adult animals, and those 
13 gm. in weight, a third as much. The 3°8 gm. mouse was about 
a week old, and its liver contained 50% more 9 2558 than the adult 
liver. 


No rabbit or guinea-pig embryos were examined, but a two day old 


rabbit had two and a half times as much oxidase in its liver as adult 
animals, whilst a 16 day rabbit had twiee as much. The 1 day guinea- 
pig had nearly twice as much oxidase in its liver as the adult animal, 


whilst its brain had three-fourths as much oxidase as the adult brain. 
This comparative richness in brain oxidase is probably due to the fact 


0 
The data obtained with rats show that the liver of embryos 


oxidase as the adult liver, whilst the brain gave a zero value, or con- 


examined a few. hours after birth, though less in weight than tbe 
embryos, showed a remarkable increase in the oxidase content of the 
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that the new born guinea-pig is much more mature than most new 
born animals. Its coat is well developed, it runs about vigorously, and 


2 shows almost as much intelligence as the adult animal. The young 
755 rabbit, on the other hand, is helpless and almost naked just like the 
oe young rat, and its brain likewise contains very little oxidase. Hence 


_ these observations on embryos and young animals emphasize the 
dependence of the oxidasic power of the tissues on functional * | 


| 
nent 88 59 „„ 43 
Kidney 10 „ 17 
17 13 12 7 


GenerAL Conciusions. 


my previous paper I that the indophenol may 
prove to be a measure of the amount of organic peroxide stored up in 
a tissue, the oxygen of which is transferable to oxidisable material by 
the help of peroxidase activators. These organic peroxides are supposed 
by Kastle and Loevenhart, Bach and Chodat“ Moore and 
Whitley“ and others to be formed by suitable organic substances 
taking up molecular oxygen from the blood of the animal or from the 
atmosphere, and storing it in the form of peroxide or —O—O— groups. 
According to Bach and Engler‘, half of this loosely bound oxygen is 
in an active state, and is easily transferable to other oxidisable sub- 
stances. Bach and Chodat consider that these organic peroxides can 
only be formed by the action of an oxygenase enzyme, whilst Kastle 
and Loevenhart, and Moore and Whitley maintain that there is no 
proof that a catalyst is involved in their formation. Whatever their 
origin, it seems possible or probable that they correspond to the 
intramolecular oxygen of the tissues, the existence of which was 


1 Kastle and Loevenhart. Amer. Chem. Journ. xxvt. p. 589. 1902. 

2 Bach and Chodat. Ber, xxxvt. p. 606. 1903; Biochem. Cirlb, 1. 1008. 
® Moore and Whitley. Biochem. Journ. Iv. p. 186. 1909. 

‘ Cf. Bach. Abderhalden’s Fortech. d. Naturw. Forschung. 1. p. 85. 1910. 
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106 
suggested by Matteucci’ in 1856; and afterwards by Hermann’, 


Engelmann’ and Pfluger“ Though no definite proof of this intra- 


molecular oxygen has yet been afforded, and though Winterstein“ 
and others deny its existence entirely, the cumulative evidence brought 


forward by the above mentioned physiologists and by Verworn“ and 


others seems to me strongly in its favour. By identifying it with the i 


_ indophenol oxidase of the tissues, a simple explanation is afforded of 


many of the experimental results described above. Not only is the 


parallel between the degree of oxygen saturation of the tissues as 
determined by Ehrlich’s intra vitam staining methods and their oxidase 
content accounted for, but we are also enabled to understand some 


of the reasons why certain tissues are always richer in oxidase than 


others. The richness is by no means solely dependent on the maximal 
CO, output of which an organ is capable, for this is nearly the same 
for the heart, kidney, submaxillary gland and skeletal muscle’, but 
as already pointed out, it is more especially related to its power of 
sustained activity. 


The richness of the various tissues in oxidase is very different from 


their richness in other endoenzymes. Thus the proteolytic enzyme 


erepsin is present in largest amount in the kidney; the liver contains 


about a third as much as the kidney, cardiac muscle a fifth to a tenth 
as much, whilst brain and muscle contain least of all'. The lipolytic 


endoenzyme which hydrolyses monobutyrin is present in largest amount 


_ in the liver, whilst next in order come kidney, heart, brain and skeletal 
muscle’. Rona“, who used saline extracts instead of minced tissue, 


found the kidney to be more active than the liver, but otherwise 
observed a similar order of activity. The evidence concerning amylolytic — 


endoenzymes is very contradictory. Maclean”, who worked with minced 
alcohol-coagulated tissues, found the kidney to hydrolyse glycogen most 


N then in order the liver, heart, and skeletal muscle. Macleod | | 


1 Mattencei. Ann, de Chim. et de Phys. 3 Ser. XVII. p. 129, 1856. 

* Hermann, Unters. u. d. Stoffwechsel d. Muskeln. Berlin, 1867. 
Engelmann. Jenaische Ztsch. f. Med. u. Naturw. ty. p. 521. 1868. 
Pflüger. Pfliiger’s Arch, vi. p. 48. 1871; x. p. 251. 1875. : 

Winterstein. Ztsch. J. allg. Physiol. v1. p. 315. 1907, 

o Verworn. Arch. f. (Anat. u.) Physiol. 1900. Suppl. p. 182. 

7 Barcroft. Ergeb. d. Physiol. vn. p. 699. 1908. 

Vernon. This Journal, xxx. p. 880. 1908; 
Juschtschenko. Biochem. Etsch. xxv. . 40. 410. ; 

Rona. Ibid. xxxu. p. 482. 1911. | 
3 Maclean. Biochem. Journ. Ty. p. 467, 1909. 
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and Pearce! found the liver to be richest in glycogenase, then kidney 


and then muscle. Wohlgemuth and Benzur? found that the juice 


expressed from blood-free rabbit's kidney had the greatest action on 
starch, whilst muscle juice came next, and liver juice last. Finally ae 
Schirokauer and Wilenko’, who used a saline extract of the tissues, — 

found muscle to be the most active upon starch, then ! and then 


liver. 

It will be noticed that cardiac muscle, the tissue richest in in- 
40 oxidase, is one of the poorest in other intracellular enzymes, 
whilst liver, the tissue poorest in oxidase, is one of the richest in other 
intracellular enzymes. Such striking differences of enzyme content 
must be correlated with important differences of function, though at 


3 we have an of their nature. 


SUMMARY. 


In all the twelve mammals examined the heart muscle is richest in 
indophenol oxidase, whilst with one exception the liver is poorest. 


The harvest mouse, the smallest mammal examined, has a good deal 
more oxidase in its tissues than the common mouse, and this mouse 


a good deal more than the rat, but all the larger mammals from the 


guinea-pig to the ox have a nearly constant amount of oxidase in each 
tissue. 


The amounts of oxidase in various tissues of the rabbit, cat and dog | 
roughly correspond with their degree of oxygen saturation as determined 


by Ehrlich by his intra vitam staining methods. 

In birds there is a close parallel between the oxidasic power of the 
tissues and the respiratory exchange. The canary, which has eight 
times the CO, output of the goose, has twice as much oxidase in its 


tissues, whilst the sparrow, pigeon and duck, with intermediate amounts 


of CO, output, have intermediate amounts of oxidase. 
The oxidasic power of a tissue depends largely on its power of 
sustained activity. Thus the pectoral muscle in vigorous flying birds 


is as rich in oxidase as the heart, and three times as rich as limb 


muscle, whilst in the tame duck pectoral muscle contains scarcely any 
oxidase, and limb muscle a fair amount. Also in mammals red muscles 


1 Macleod and Pearce. Amer. Journ, Physiol. xxv. p. 255. 1910. 
2 Wohlgemuth and Benz ur. Biochem. Ztsch. xx1. p. 460. 1909. 
8 Schirokauer and Wilenko. Ibid. xxxut. p. 276. 1911. 
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108 VERNON. 
contain much more oxidase than white muscles, and tongue and 
diaphragm most of all, next to the heart. 


Cold-blooded animals contain very little oxidase in their tissues, but 
the order of activity of the tissues is the same as in mammals. 


In small embryos the oxidase content of the tissues is at a minimum, 


and it rapidly increases with embryonic development and for the first 
fortnight of post-natal existence. The liver forms an exception, as for 
a week or two after birth it is eee — in oxidase than the 
adult liver. 
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THE INFLUENCE ‘OF TETRAHYDRO-§-NAPHTH- 
YLAMINE UPON THE TEMPERATURE AND 
RESPIRATORY EXCHANGE. By N. MUTCH, MA, 

MB, BC, Beaney Research Scholar, e 

M. S. PEMBREY, M. A., M. D. 


(From the Laboratory, Gaye 


Influence on Temperatare . 
Rxshenge . 115 
Relation of the Rise of Temperature to the Nervous and 
Muscular System 
(a) Antagonistic Action of Chloral, Ether 6. 35 
(6) meet of Section of the Spinal Cord . 120 
8 


n attention has been given to the action of 1 
g. naphthylamine since the original investigations of Stern, but the 
result has been unsatisfactory. Much of the later work has been far 
less thorough than that of Stern, but it has received more acceptance. 
It is especially in relation to the rise of temperature produced by the 
drug that contradictory statements have been made. The increased 
museular activity noticed by Stern in animals has been overlooked or 
minimised by some later observers and the causation of the rise of 
temperature has been masked by the use of the terms “fever” or 
“pyrexia.” There has been moreover a tendency to state in explanation 
of the action of the drug that it stimulates the thermo-genetic or heat- 
producing centre of the brain; such reasoning is weak and affords no 
explanation but a restatement of the case, for the existence of special 
heat-centres is still a subject of debate. The present investigation is an 
attempt to explain the rise of temperature by observations: a! 
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110 V. MUTOH AND M. S PEMBREY. 


directed to the relation of the temperature of the animal to its muscular 
activity and metabolism’. 

Previous Work. Stern was the first to investigate the action of 
the drug and he recognised the increased production of heat due to 
muscular activity: from the results of an admirable series of experiments 
he concluded that the nervous regulation of temperature was intact and 
was not “set at a high level,” but that the loss of heat was hampered 
by vaso-constriction of the cutaneous vessels at the same time that the 
production of heat was increased. He looked upon the increased re- 
spiration as an effort on the part of the animal to increase the loss of 
beat, but he did not consider the muscular movements sufficient to 
explain the increased production of heat in all the cases. | 

Fawcett and Hale White concluded from their experiments that 
the drug in ¢some way greatly increased the production of heat and 
that this increased production is not due to muscular movement.” 

Ott maintains that vaso-constriction does not play any great part 
in the production of the rise of temperature and that the increase 
in the production of heat is not due to increased muscular activity. 
He concludes that the drug acts upon the- sana imal centre in n the 
corpus · striatum and the tuber cinereum. 

Dixon concluded from the results of his experiments that “the 
typical rise in temperature is much too rapid and great to be explained 
by any increased movement which may occur and is rather comparable 

to that produced by lesions of the corpus striatum.” 

Juonescu proved by plethysmographic experiments that the drug 
produces constriction of the cutaneous arterioles, but he maintains that 
the rise of temperature is due chiefly to stimulation of the Rervous 
centre for the regulation of temperature. 

_ Apart from the work of Stern it is fair to say that no adequate 
attempt has been mude to investigate the causes of the rise of tempera- 
ture. The problem is not an easy one, for on the one hand there is the 
uncertainty whether a given dose of the drug will produce a rise of 
temperature, and on the other there is the difficulty of measuring 
muscular activity and the production of heat. 

 . General Effects. The influence of different doses of the drug has 
been investigated upon rabbits. A solution containing 3°/, in normal 
physiological saline has been used in all the experiments and has been 
administered by subcutaneous injection. 


AA 


* 
7 y in 
1 
+¥ 4 
<¥ is 
ist: 
7 
2 
2 
* 
. 
* 
Be 
* 
ag 
ay 
\ 
' 
Sag 
2 
* 
2 
> 
2 
- 
‘ 
* 
* 
5 W. 
* 


INDUCED RISE OF TEMPERATURE. 111 


The first effect to be observed is an extreme dilatation of the pupil, 
lich begins within five minutes of the injection; somewhat later the 
eyelids are widely opened, the eyes appear to be very prominent and the 
blood vessels of the ears become contracted. The animal soon becomes 
restless, running about from place to place, sniffing the air and objects 
around and from time to time giving a vigorous stamp with its hind feet 
in the way characteristic of wild rabbits when they signal danger. The 
general behaviour of the animal suggests that itis greatly excited, but 


is not suffering any distress. The increase in excitability is shown — 


by the vigorous struggles which occur whenever the temperature is 
observed. The respirations become more rapid and shallow and are 
accompanied by bubbling noises due to an excess of mucus in the 
respiratory passages.. In some cases there are chewing movements 
of the jaws and an escape from the mouth of drops of a liquid which. 
resembles saliva, 

If its temperature rises considerably the rabbit will lie from time to 
time outstretched upon its belly in the way that normal rabbits do during 
hot weather. In non-fatal cases the animal gradually becomes quiet and 
the symptoms described above disappear within three or four hours, the 
rapid respiration showing the greatest persistence. 

Such are the general effects, but there are the e and the 
fatal cases to describe. ‘Sometimes there was seen an abduction of the 


‘front and hind legs, especially in young rabbits; this appeared to be due, 


at any rate in some cases, to muscular weakness, for it was- followed by 
partial paralysis, which lasted for several days or ended in death. The 
fatal cases can be arranged in three groups, according to the immediate 
cause of death, high temperature (hyperthermia), cyanosis with gradual. 
asphyxia due to excessive secretion in the respiratory tract, and paralysis. 
Three examples.of hyperthermia are given; the rabbits became un- 
conscious and died with temperatures of 44°, 44°3° and 44'5° respectively. 
In the fatal cases due to cyanosis examination of the lungs showed an 
accumulation of mucus, small haemorrhages and acute vesicular Salle 
the lobes. 


Influence on ee 
the drug has become known chiefly on account of the 0 tem- 
perature which it produces in mammals. It is necessary however to insist 
that this is not a constant effect. There are cases in Which the general 
effects of the drug are produced without any abnormal rise in the 
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internal temperature and in the single experiment made upon a guinea- 
pig the fatal issue was accompanied by a distinct fall in temperature. 
Moreover the rise of temperature given by some observers as abnormal 
is well within the range of temperature which is found in normal rabbits, 


and data will be given now in support of this criticism. The normal 
range in two series of observations made oh one of us is shown in the 


table: 
: TABLE I. | 
Average rectal temperature Extremes of observations Number of observations 
88°7° O. (101-7° F.) 87.040 21 on 10 rabbits — 
(1086 —41-0° on 18 rabbits 


Farther observations upon this point were sale during the present 


investigation and the comparative results are * in the next 
table: 

| TABLE II. 
—— Temperature in groin ‘Temperature in mouth 


* 


No. of we, 
animal kilo. 


I 09 891° 882° 887° 9 882° 884° 7 87°6° 8 
I 11 884° 888° 9 883° 7 389°0° 881° 38°5° 8 


On 19 wr 87-8° 882° 7 37˙6 81 


An examination of the above tables 8 that the rectal temperature 


of normal rabbits possesses a considerable range, from 37° to 41° (98°6° 
to 105°8° F.); the high figures, it should be mentioned, were observed in 
very hot weather when the rabbits were lying outstretched in the sun. 
The figures of the observations upon rabbit III have been placed in 


brackets, for it was found a month later, when the animal died under 


the action of the drug, that one lung was fibroid and covered with 


scattered nodules of caseous material and that similar masses were 


present in the pleural cavity. 

The rise of temperature appears to depend upon several factors and 
we found it impossible to predict what the effect of a given dose of the 
drug would be. No definite relation to nutrition could be found in com- 


parative experiments made upon the same and different animals in the 


fasting and fed conditions; there was a tendency to a higher tempera- 
tures in the heavier iel but many exceptions were found. In this 


1 Pembrey. Brit. Med. Journ. Feb. 27th, 1904. : } 


No. of No. of No. of 
Max, Min. Average obs. Max. Min. Average obs. Max. Min. Average . 
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connection it may be noted that Kraus’ has pointed out that a rise of 
temperature is not associated unconditionally with the glycogen-content 
of the organs, for fasting animals and animals free from glycogen react 
well both to puncture of the so-called * and to . 


Reerm Tenrerature 
. 


2 


1 8 | 4 6 


Fig. 1. Effect of tetrahydro-f-naphthylamine on the rectal temperature of normal rabbits. ae 


_ thylamine in normal physiological saline. 

A. No. VI. Dose8c.c. (See Table VIII.) 
No. II. Dose 2 0. 0. 


Increase in dose es was not sufficient to produce a rise of tem- 
peratur; the reverse effect indeed might be produced. The one definite 
fact was that a rise of temperature was associated in every case with 
increased muscular activity, spasms or convulsions. The following 


tables and Fig. 1 give the results of the experiments; eight controls 


are included to show that injections of normal saline solutions or the 
8 of the rabbits produce no effect upon the temperature. 
The cases of definite hyperthermia, which occurred in our series 


of experiments, were four only; the details have been given in the 


previous table and two of the cases are illustrated by the curves in 
Fig. 2. ee 


and Pragtical Medicine. ‘By Gurl von Noorden, 188, 1907. 
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17. v. 11 


4. iii, 11 
11. ii. 11 
16. UM. 11 


8. 11 


17. ii. 11 
14. v. 01 


18. v. 01 


16. v. 01 
13. v. 01 


80. v. 01 
2. i. 01 XVI 
8. in. 01 XVII 


XII 

XV 


14 


14 


14 


13 


13 
1 


20.0. (2°2 per kilo) 


20.0. (2°2 per kilo) 


10.0. (ll per kilo) 
24.0% por kilo 
20.0. per kilo) 
2 c.c.(1°7 per kilo 
20.c.(1°7 per kilo 


lee. 


parle) 


9 0.0. per kilo) 


1. (+9 per kilo) 


0 
20. o. kilo) 


20.0. (1˙8 per kilo) 


i 


88°6° 
89°0° 


A. Brown Vitter. 


B. Grey rabbits of the same litter. 


0 


1˙1 per kilo) 388:3° 410 8-7° 


1˙10. 0. 


20. 0. (7 per kilo) 


: (1 per kilo) 


b per kilo) 


30. 6. norm, saline 


30.0. (2˙1 per kilo) 


(8 0. 6. norm. saline 


8 0.0. (2°7 per kilo) 
8 0.0. (2°2 per kilo) 


4.0.0.(8°1 per kilo) 
8. v. 02 Guinea- 0°4 50.0. of 1% solu- 
pig tion 


89-0° 05° ... . Control): 
90 Hay No ataxia . 
39˙1 40% 1°6° 90. Carrots Died 
following exp. 
morrhages & vesicu- 
lar emphysema of 
| lungs 
40-0? 0-8° 66 — 
89:8° 40°6° 120 Mixed’ 
O. Other rabbits and guinea-pig. ay : 
89°B° 44°4° 51° 145 Mixed Died. Very well 
800° 000 — 
ar? 440° 20° Die! 
... Control) 
806° 416° 20° 65... 
89-0° 85°0° -4-0° 108 Violent convulsions 


(Ag? oy 

2 | 


88-9° 75 Mixed Very thin rabbit ... 

88°93" Control rabbit; not 

: injected) 

89°8° 15 Carrots Muscular paralysis 

almost immediately 

89°6° 0-3° 80 

„ Bread A few stamps 

400° 85 Mixed ... — 

23° 90 Bread 

40-0? 1:5° 70 Carrots .. — 

40˙0% 1•6% 20 Mixed ... 

89°6° 4... Control) 

40°2° 1°7° 70 Mixed ... 

$9°0° —0°1° eee eee Control) ; 

890°. 0-7 20 Mixed Convulsions & death 
resp. 

89°7° 40 Mixed eee 

280 Control) 

238° 60 Bread ... 

89°23": 05°... Control) 

40°0° 1°0° 35 Carrots Death.—P.-M. Uni- 


empyema & 
lung 


(0 per 895° 8-7° 90 Carrots Ataxio for several 


110° 


99 12°5° 
2. ii, 11 16-0° 
4.1. 11 0-9 39.25 140% 
11. iii. 11 10 88°8° 
1-7 89°5° 165°) 
a 12 88°5° 16°0° 
89-1° 
1 
16. Ui. 11 1°3 88°5° 
89°1° 
185.1. 11 12. 18-0° 
39°2° 
88°7° 
4. 11 39-0° 140° 
AS 
fibroid 
4 
25. U. 11 VMI 21 170 
(TX 
170 
8. Hi. 11 20 10°0° 
. 
2˙7 16°5° 
| 
8-0 170° 
a | 15 
. and death 


INDUCED R OF TEMPERATURE. 118 


Influence on the Respiratory Exchange. 


A determination of the production and loss of heat by means of 
a calorimeter was not made owing to the want of such an apparatus; it 
was possible meverthiolons to an — of the 


40 


Pig 2 ad chlor 
form. 


T represents the time of suboutaneous injection of 8 of 
 naphthylamine in normal physiological saline. 
in small doses, just sufficient to prevent voluntary movements. | 
B. No, XII. FF 
0. No. XIV. 


production of heat from the sitet respiratory exchange, which was 
determined by Haldane’s modification of Pettenkofer's apparatus. In 
the first place the exchange of the normal rabbit was measured, then 
the drug was injected and the exchange determined for a further series 
of consecutive periods of 30 minutes. The as the 
following figures, were quite definite, 
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_ ABLE TV. 


“53 1°42 1°06 Well-fed. Weight of 25 kilos. Rectal 
124 88 1°08 temperature 89°. 


“69 1°86 98 101 Rectal temperature 88°7°. . 


[1°70 ‘4°02 2°92 1°00] Sum of the three periods before injection. 
52 119 — — This period began 9 mins. after the subcuta- 
. — neous injection of 2 c.c. of 8 % solution of 
| the drug, when the rectal temp. was 39°. 
— Restal temp. 40° at the end of the exp. 


3°46 
74 
"86 79 72 80 temperature 87°1°. 
66 79 Reotal temperature 87°4°. 
2°12 *78] Sum of the three periods before injection. 
— This period began 14 mins. after the injeotion 


the rectal temperature was 87°4°. ‘ 
26 
02 90 
88 8⁴ 76 
88 66 
69 


80 
20 64 80 
77 RNectal temp. 88° at the end of the exp. 

The above figures relate to consecutive periods of 30 minutes only 
interrupted by the intervals during which the injections. were made. It 
was impossible to determine the weight of the respiration chamber con- 
taining the rabbit during some of the periods which followed the 
Injection of the drug; the rabbit was restless and stamped from time to 
time so violently that the balance, which weighs accurately to 0:01 grm., 


could not be used. For this reason the intake of oxygen was not 


always determined, but this deficiency applies only to three separate 
periods in each case; the sum total of the oxygen was obtained and is 


given in the figures enclosed in brackets The moisture represents the 


loss of water by the respiratory tract and skin, for no urine — no 65 
were passed during any of the estimations. 
The results of the second experiment are represented in the following 


curves (Fig. 3); the output of carbon dioxide is increased from 72 to 


1°83 grms. per 30 minutes, that is by 154 / within 44 minutes of the 
injection of the drug; the absorption of oxygen is doubled when the 


90 Sum of the three periods after the injection. 
74 Fasting. Weight of rabbit 1984 gms. eign 


an of 2 0.0. of 8 % solution of the drug, when 


% Sum of the first three periods after injection. 
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total for the three periods after the injection is compared with the corre- 
sponding figure before the injection; and the discharge of moisture is 
also doubled within 104 minutes. The augmentation of the output of 


carbon dioxide and of the intake of oxygen are due doubtless to the 
inereased muscular activity of the animal (Table V); the increased dis- 


charge of moisture could be explained by the rapid. — and cand 
rise in the internal temperature of the animal. 


| 


as 


ory Excaance 


bos 


T represents the time of subcutaneous injection of 2.0. of 8 °/, tetrahydro-f- 
VVV 


The first experiment was brought to an the effect of the 
drug appeared to have reached its maximum and the rise in the internal 
temperature of the rabbit was 1°C. The following calculation from the 

respiratory exchange indicates that enough heat was produced to cause 
this rise of temperature, even if the loss of heat was not diminished by a 
contraction of the blood vessels of the skin. The calorific equivalents of 
carbon dioxide and oxygen given by Benedict and Joslin’ for the 
* katabolism of glucose and a respiratory quotient of 10 are 2°56 calories 
for 1 grm. of carbon dioxide and 3°52 calories for 1 grm. of oxygen, 
During the time that the rectal temperature of the rabbit rose 1° C. the 


1 Metaboliom in Diabetes Mellitus, p. 166. Washington, 1010. 
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v. 


between, the influence of the upon activity 
1 
0 072 
of 3% solution of TANinjected 
4 26 183 
5 7 17 
6. 
8 N 0°88 
9 me 0°80 
10 0766 


increases were for the output of carbon dioxide 0°71 grm., the intake of 
oxygen 0°54 grm. and the discharge of moisture 0°30 grm. Therefore 
the heat produced by the increased combustion, as estimated from the 
oxygen absorbed and the carbon dioxide discharged, would be : 


54 x $52 = 1°9 calories and 71 x 2°56 = 18 calories. 


The heat required to raise the temperature of the animal through 1° 


would be 1°9 calories, for its weight was 2°3 kilos. and its specific heat 
may be taken as 83. Too much stress must not be laid upon this close 
agreement, for on the one hand there was an increased loss of heat 
through the lungs, and on the other it is certain that the whole body of 


Relation of the rise of temperature to the nervous 
| and muscular systems. 


. The and calculations given in the 


respiratory exchange of the rabbits after the administration of the drug 


support the view that the rise of temperature can be explained as the 
‘result of the increased muscular activity.. It is true that in most cases 
the blood vessels of the ears became constricted and thus the loss of 


heat would be diminished, but there was a compensating factor in the 
increased ventilation of the lungs and the greater discharge of moisture. 


We wished, however, to obtain other evidence of the relation of 
muscular activity to the rise of temperature, for as mentioned above 


several workers maintain that the rise in ‘temperature cannot be 
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explained by increased movement and suggest that it is due to an 
action on the corpus striatum. We have extended the investigation in 
two ways, by the use of anssthetics, and by section of the spinal oord. 
(a) Antagonistic action of chloral, ether and chloroform. A normal 
rabbit received subcutaneously 1 grm. of chloral in 2˙5 c.c. of water; its 
rectal temperature was 38°5° at that time. Within twenty minutes it 
became sleepy and half an hour later it was completely torpid; its 
rectal temperature fell to 37°5° in fifty minutes, the temperature of the 
room being 16°. A dose of 2 cc. of 3% tetrahydro-8-naphthylamine 
was injected and within two minutes the rabbit struggled and made 
attempts to walk: Its movements were uncertain and falls were 
frequent, but within eleven minutes it could run about: The muscular 
‘activity steadily increased and the following table — the ‘close 


association of with muscular 
Time Condition of animal 
11.30 a.m.  88°8° Normal. Weight 1°6 kilos. Temperature of air 166. 
12.35 p.m. 87°65 Fifty minutes after injection of chloral. Deep narcosis. 

naphthylamine. 

1.40 88 ·5 Running about but still incoordinate. ete 

2.45 40˙0 Very slight inooordination. Stamps. 

8.30 80 Fairly quiet ; no stamping. 


‘She injection of chloral and aap. 
amine prevented the narcotic effect of chloral. This 4 is shown, ort the 


TABLE VII. | 

Time Condition of anima! 

1.40 p. m. 388°6° Normal. Weight 2˙1 kilos. Temperate of air 

2.30 390 Pupils normal, blood vessels of ears dilated. 

2.88 — 20. 0. of 8 % tetrahydro- B- naphthylamine injeoted. | 
2.50 — Pupila dilated ; blood vessels of ears moderately contracted. 
Rabbit restless. 

4.5 39˙1 Stamps" time, 
4.55 ts tf 
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In other experiments attempts were made to prevent the con- 
sions of the rise of temperature produced by the drug; such an 
effect was obtained by the administration of chloroform in the form of 


vapour and the result is shown by the curve in Fig. 2. Only sufficient 


chloroform was given to prevent.struggling, but the temperature was 
- lowered 3° and remained low for about fifteen minutes after the 
chloroform was discontinued, although the: day was a a one, abe 
temperature of the air being 20°. 

Experiments with ether and chloroform showed that arieethesia 
produced a fall in the temperature of rabbits under the influence of 
tetrahydro-8-naphthylamine; thus from 40° to 38:9° within twenty- 
five minutes, temperature of air 16˙5˙, and 41° to 40°4° within twenty 


minutes, temperature of air 15°. The difficulty in such experiments 


was the danger of cyanosis from accumulation of secretion in the 
respiratory tract and from cardiac failure. 
(6) Effect of section of the spinal cord: We wished to observe 
after the administration of the drug whether the rise of temperature 
7 


after section of the spinal cord, Two days after division of the cord. 
T represents tho time of mboutaneoos injection of of 
naphthylamine in normal physiological saline. 

M represents the temperature in the mouth (non-paralysed). 

R represents the temperature in the rectum (paraplegic). 
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would be less when many muscles of the trunk and all the muscles 
of the hind limbs had been removed from their connection with the 


cerebrum and medulla. Under an anzsthetic the spinal cord of a rabbit 
was divided below the level of the brachial plexus; the animal 
recovered quickly from the anesthetic and owing to thé low level of 


the lesion was able to breathe easily and to move and cleanse the front 
part of its body. The wound healed by first intention and there were 
no sores on the paralysed. parts and no cystitis, The results of the 
administration of the drug to the animal were quite definite; the front 
part of the body, including the fore limbs, was the seat of constant 


— 
a 


| 4 5 Hours 6 
Fig. 5. Relation between the temperatures of the paralysed and non-paralysed portions 
after section of the spinal cord. Nine days after division of the cord. 
naphthylamine in normal physiological saline. 
M represents the temperature in the mouth (non-paralysed). 
R represents the temperature in the rectum (paraplegic). 


activity, the posterior part was paraplegic and 


some reflex movement: the temperature of the mouth rose more 
rapidly than that of the rectum, whereas in normal rabbits the reverse 


* 


is the case. (Figs. 4 and 5.) 


It would appear that the chief aotion of the drug is upon the brain 


and that the spinal cord is much less affected; a stage of increased 


— is followed by increased muscular N in those parts of 
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the body which are under the control of the brain and by increased 
reflexes in the paraplegic parts, The rise of temperature was more 
rapid and greater in those parts in which muscular activity occurred; 
and in experiments on other animals it has been proved that increased 
respiratory exchange, sufficient to account for the rise of temperature, 
accompanied the muscular activity. There is no evidence upon which 
one could base the conclusion that the drug has a special action upon 
the corpus striatum or other basal ganglion. It is impossible to judge 
accurately the behaviour of a rabbit, but the impression given was that 
the drug produced a state of increased psychic activity accompanied by 
muscular action appropriate to the emotions; in extreme cases the 
muscular movements were uncontrolled and convulsive. © 


SUMMARY AND CONCLUSIONS. 


The general effects of the drug are extreme dilatation of the pupil, 
constriction of the blood vessels of the ear, presumably caused by an 


action on the sympathetic system, rapid respiration, restlessness, greatly 


increased muscular activity, spasms and even convulsions: In fatal 


eases déath may be due either to or ‘cyanosis 
with cardiac failure. 


In the present investigation attention he Lge given chiefly to the 
relation of the rise of temperature to muscular activity. The increased 
heat appears to bear a definite relation to the muscular activity, and is 
accompanied by an adequate increase in the intake of oxygen and the 
output of carbon dioxide. In a rabbit paraplegic from section of the 
spinal cord the drug produced great activity in the muscles of the non- 
paralysed parts but in the paralysed parts there were only increased 
reflexes ; the temperature rose more rapidly and to a ae height in 
‘the mouth than in the rectum. 

There is a marked antagonism between the drug wii anzsthetics ; 
tetrahydro-8-naphthylamine in suitable doses prevents choral narcosis 
and chloral or chloroform will arrest the rise of temperature produced 
by tetrahydro-@-vaphthylamine. 

The action of the drug is upon the central nervous system, upon 
the higher centres more than the lower; the increased excitability is 
accompanied by increased muscular movement, spasms or even con- 
vulsions. There is evidence of vaso-constriction in the ears at an early 
stage, but the rise of temperature can, at any rate in the non-fatal cases, 
be by the increased muscular activity. When death occurred 
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from hyperthermia convulsions were present in each case and the rise 


of temperature was favoured by the cyanosis which was due to the 
interference with the respiration by the spasms and by the accumulation 
of mucus in the respiratory tract. It is known that the processes 
of oxidation and the production of heat are increased when the 


temperature of an animal has been raised above its optimum; it is 


unnecessary therefore to expect, as some observers‘ have done, a per- 
sistence of vigorous muscular movements durieg the whole time 285 
the temperature is rising. 


Physiological Society, Dec. 1908 (see Loe wl, Loc. eit. ). 
Act 89 and 40 Vict. c. 77 were performed by M. 8. Pembrey. : 
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THE’ ‘ EFFECT OF VARIOUS POISONS UPON THE 
RESPONSE TO NERVOUS STIMULI CHIEFLY IN 
RELATION TO THE BLADDER. By J. N. LAN GLEY, 


“4 SoD, BRS, Professor of Physiology in the University of 
Cambridge, 


bp and nicotisie in the response of the 
bladder’ to electrical stimulation of the sacral autonomio 


nerves i 
a. ctimalation . 
e. Effect of stimulating after injection of nicotine . 138 
Origin trom the cord of the nerve bres producing the 
changed response 146 
‘The Gu whieh the change of response coors 
nicotine (mutual antagonism) . „ 
c. Effect of atropine on the changed response 1355 
d. Effect of poisons on the response given by the 
Related phenomena im other issues 172 
Summary of chief Results and Remarks. . =. 1176 


In the course of some experiments upon the antagonistic action of 
curari and nicotine upon peripheral nerve cells I found that both of 
these poisons modified the effect of stimulating the sacral vesico-motor 
fibres in a peculiar way. A preliminary account of some of the results 
was published in the Proceedings of the Physiological Society’. I have 
July 5. 1610 This Journal, vol. xu. p. xiii. 
| 9 
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repeated and extended the observations and give an account of them in | 


tbe following pages. 

. Anesthetics. The experiments were made on cats, Chloroform was 
firet given and then A. C. K. mixture by a tracheal tube. The subsequent 
procedure varied, usually 25 p.c. urethane was injected either sub- 
cutaneously or into a vein; in a few cases paraldehyde (about 1°5 c.c. 
per kilo body-weight) was injected into the osophagus and the 
cesophagus tied. Unless maximal amounts of urethane or paraldehyde 
were given, A. C. E. was administered at regular intervals throughout the 
experiment. In some cases urethane was injected slowly into the 
peripheral end of the carotid artery; drugs injected in this way appear 
to be largely taken up by the central nervous system and to have a less 
- weakening effect upon the heart. In a few cases the animal was 
beheaded after giving chloroform! and no further anzsthetic was used. 
I have not found any certain difference in the results with the different 
methods. 

Dissection. The sacral nerves are best exposed by cutting open the 


vertebral column from below upwards, starting from the last sacral. 


vertebra. When the cord is exposed up to the end of the 6th lumbar 
vertebra, a hook at the end of a string is passed into the vertebral 


canal and the string fastened round the cross-bar of a stand so as to 


raise the body; this serves the double purpose of lessening bleeding 
from veins, and of taking pressure off the bladder. The cord can be 


raised from the vertebral canal by the dura mater, and the sacral 
nerves brought to view. The cauda equina below the 3rd sacral can 
then be cut, or the spinal cord at the 6th lumbar vertebra, in the latter 


case a small piece of sponge is placed in vertebral canal above the cut. 
In either case the pairs of spinal nerves (right and left) can be readily 
tied together above the spinal ganglia. The Ist, 2nd and 3rd spinal 
nerves are thus tied, cut centrally of the thread, and a up to free 
them to their point of exit from the vertebra. 
When i in addition the hypogastric nerves are to be cut or stimulated, 


they are best exposed from the side ; an incision is made at the edge of 


the lumbar muscles, just in front of the leg, and all vessels ligatured. 
The pelvic visceral nerve (nervus erigens) can be dissected out 
inn the ventral side with little or no exposure of the bladder, the 
upper part of the pelvic symphysis being removed. The removal of 
the upper part of the symphysis allows also a catheter to be passed into 
the bladder and tied in the urethra without exposing the bladder. 
1 For the method see Sherrington. This Journal, xxxvm. p. 875. 1909. 
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Apparatus. The apparatus used in recording the contraction of 
the bladder is shown in Fig. 1. A metal catheter having holes at and 
near the end, so that the fluid can readily pass in and out of the 
bladder, is connected ‘with the lower aperture of the bulb B, and the 
burette Bur., on the connecting tube is a side tube T. The upper 
aperture of the bulb is connected with the lower aperture of a piston 
der, a side tube 7” being on the connection. The piston has in its 
a hook to which:s is the * 


wheel and is hooked to one arm of a Lucas writing lever. A weight of 
a few grams is placed on the lever and adjusted so that when the tube 
T’ is open the piston slowly falls, and when the piston is forced up, the 

passing to the lever is kept taut. Thus when the bladder 
contracts fluid is driven into the bulb, the air expelled from the bulb 
drives up the piston, and this causes a rise in the marking point of 
the lever. The method is a modification of that used by Elliott 
and other observers. The modifications n in the piston recorder 

and in the writing lever. 

1 The piston recorder is fashioned on the plan of Hürthle's piston | 
recorder for blood-pressure. Its internal volume is about 140 % 


was made for me by the Cambridge Instrument Co 
922 
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%% 
be Lucas lever has the great advantage that the writing point 


moves in a line which departs but little from the vertical. With 


slow movements, such as that of the bladder, the determination of the 


time relations of the curves of contraction obtained with an ordinary 
lever which describes an arc of a circle, is a very troublesome matter. 


With a Lucas lever the time relations are obvious within a limit of 
error which with the rate of drum movement of my experiments is 
1 to 3 secs. For my purpose it was necessary to have some simple 
relation between the excursion of the lever, and the passage of a 
definite quantity of fluid from the bladder. Accordingly I had the 
lever and piston recorder so constructed that a rise of lcm, of the 
writing point corresponded to the expulsion of 21, 42, 63, 8˙4 and 
10˙5 C of fluid from the bladder ascending as the hook from the 


piston was placed in the Ist, 2nd, 3rd, 4th or 5th hole of the lever. 
Above and below a certain point the lever does not write quite 
satisfactorily: these points are stopped; the lever was constructed so 
that the full excursion from stop to stop was 10 00, de. it corresponded 


to 21, 42, 63, 84, or 105 C. c, of fluid from the bladder. 

Method of experimenting. Before an experiment, the tube 7” is left 
open, the level of the piston recorder is arranged so that the piston 
touches or nearly touches the bottom of the cylinder when the writing 
lever rests on the lower stop. The hook from the piston is connected 


with the hole of the lever appropriate for the kind of experiment. 


This is the 5th and 4th from the axle, when the sacral nerves are to bo 
stimulated, or nicotine injected. 


In starting an experiment the neck of the bulb is placed at a 


definite height (as 8 om.) above the level of the catheter; all the parts 
of the apparatus which are to contain fluid are warmed by running 
warm salt solution through them and the tubes are filled up to a mark 
on the neck of the bulb, The bladder is then emptied, the urine added 
to the warm salt solution used to refill it, the tube is connected with 
the catheter, a given quantity, eg. 40 c.c., of fluid allowed to run into 


the bulb. The burette tube being clamped, the clamps on the bulb 


tube and the catheter tubes are removed. The whole or part of the 


fluid runs into the bladder; if the bulb empties, the catheter tube is 


clamped and a small amount (5 to 10c.c.) of fluid passed from burette 
to bulb. The catheter. clamp is removed and the process, if necessary, 


repeated till the fluid stays at the mark on the neck of the bulb, The 
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bulb may be slightly raised or lowered to facilitate this. The tube 7” 
and the catheter tubes are clamped, a given quantity of fluid (10 or 20 cc.) 
is run from the burette into the bulb, this raises the writing lever and 
allows for some relaxation of the bladder during the experiment. The 
drum is then set in motion and the catheter tube is unclamped. 
The volume of the fluid in the bladder is thus known, and the 
volume at any moment can be approximately seen from the tracing. 
The record does not give an accurate record of volume since the 
temperature of the fluid in the bulb varies and in consequence the 
volume of the air above it. At the end of the experiment the bulb is 
raised till the level of the fluid stands at the starting point, the tube 
from the bulb is clamped, the fluid in the bladder is collected by means 
of the tube 7, and this allows the amount of urine secreted during 
the experiment to be roughly determined. Obviously a definite 
quantity of fluid may be removed or added during an experiment as 
may seem desirable. When changing the magnification of the lever, 
the catheter tube is clamped. 

By this method the bladder contracts under nearly isotonic con- 
ditions. It is to be noted that when the animal is placed on its 
back, as in stimulating the pelvic visceral nerve or its branches, the 
abdominal muscles press more or less strongly on the bladder and tend 
to prevent its expansion. | 

In nearly all the experiments the effect of nerve stimulation before 
and after administration of curari or nicotine and the effect of varying 
the duration and frequency of the stimuli were determined: thus most 
of the results spoken of in this Paper were obtained over and over again. 

 Eaplanation of the figures. The animals in the experiments from 
which figures are taken varied in weight from 2} to 24 kilos, The 
time is in all cases marked in 10 second intervals. The number of c.c. 
of fluid expelled from the bladder has been shown by drawing two lines 
ou the original tracings and writing between these the number of c.c. 
corresponding to a rise of the lever, from one line to the other. : 

With a few exceptions, the resistance to outflow from the bladder 
has consisted of a column of salt solution 7°5 to 12cm. in height. In 
the description of the figures the column of fluid is indicated by 


Pr, = — em. 


Tube volume of fluid in the bladder at the beginning of each tracing 
is approximately given (Bl. vol. Cc. ). 

Unless otherwise mentioned the sacral nerves were stimulated in 

pairs (ae, right and left together), the alkaloids were injected into the 
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jugular or femoral vein, and the stimulus was a faradi¢ current of a 
du Bois Reymond induction coil, the currents being just distinctly felt 
on the tip of the tongue (towards the end of an — the 


ba of the currents was sometimes increased). 


The curves selected for illustration have been 80 far as 


practicable from the same experiments, so that the course of events in 
any one experiment can be better seen. They are as follows :— 
ap, Figs, 21, 15, 16, 21, 98 igs 


„ 


eta in the course of the hee be 
mentioned. 


Stimulation by anesthetics. A sudden increase in any anssthetic tends to cause a weak, 


transient contraction of the bladder. In some cases this no doubt may be due to a reflex 
from the spinal cord, but the contraction occurs after section of the sacral nerves and after 


injection of large dose (25 to 85 mgrs.) of nicotine which would probably interrupt all 


impulses from the spinal cord, Towards the end of an experiment the circulation 
usually becomes feeble and the body temperature falls. In these conditions an increase 
in the amount of anmsthetic, previously effective, becomes ineffective. Thus if an animal 
is anesthetised with A. C. x. mixture, and the corneal reflex just abolished, intra- venous 
injection of 1 to 8 ¢.c. of 25 p.c. urethane usually causes a transient contraction in the 
early stages of an experiment. And if it is anmsthetised with a.c.z. and urethane, and 
the A. O. k. is discontinued for a short period, the first administration of a.c.s. by a tracheal 


tube at a stage when there is no corneal reflex, causes a slow, rather brief contraction of 


the bladder. The effect may be obtained two or three times at short intervals, then further 


A. 0. k. causes some relaxation, probably in consequence of the decreased blood flow. On 
injecting chloroform or 4.0.8. into the jugular vein or into the trachea at the end of an 
experiment (in order to kill the animal), there was usually a moderate, transient oontrac- 


tion. The contraction is not due to asphyxial stimulation of the spinal cord, since it 
follows the injection too quickly, and since at the end of an experiment in which nicotine 


has been administered, death by stopping the respiration or by bleeding rarely causes 


contraction; the usual result of this is a slow slight relaxation. It was noticed by 
Elliott! that after degeneration of the inferior splanchnies (the pelvic nerves being cut 
at the time of the experiment), the administration of ether caused contraction of the 


bladder; he considered that the degeneration of the nerves had rendered it abnormally 


irritable. 
Spontaneous rhythmic contractions. In most of my experiments the sacral nerves 


were cut; in these there were either no spontaneous contractions, or very slight ones, 


When the sacral nerves were not cat, or cut on one side only, or when one pelvic visceral 
nerve only was cut, there was some tendency for small contractions to occur but they 
did not occur constantly; stimulation of the sacral nerves at times caused them or 
increased them. Injection of pilocarpine, as is known, sets up rhythmic contractions ; I 
have occasionally observed a similar effect after injection of urethane, and once after 


injection of 60 mers. of atropine, and constantly after exposure of the bladder; these 


1 Elliott. This Journal, xxxv. p. 418. 1907. 
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rhythunie conttactions occurred in all experiments in which the nerves in the bladder 
itself were dissected ; they were decreased or arrested in placing the hinder part of the 
body with the bladder in Ringer’s solution at 89°—40° O. 


CHANGE CAUSED BY CURARI AND BY NICOTINE IN THE RESPONSE OF THE 
_. BLADDER TO ELECTRICAL STIMULATION OF THE SACRAL AUTONOMIC 
"NERVES. 


(a) Normal efect of stimulating the sacral vesico-motor fibres. 


As shown by Anderson and myself" the origin of the vesico-motor 
fibres from the spinal cord varies with the origin of the somatic nerves. 
With an anterior arrangement of somatic nerves, the Ist sacral has 
vesico-motor fibres and it may have more than the 3rd sacral. This 
arrangement is not very common and usually the fibres are confined to 
the 2nd and $rd sacral nerves. With a posterior arrangement, the 


Fig. 2 1. (Exp. A.) Effect of stimulating the cut Ist, 2nd and ard sacral ner ves 
(bilaterally) each for five secs. The slight rise with the lst sacral was due to 
muscular contraction. Bl. vol.=60 o.c. Pr. 7.5 om. 
ii, (Exp. B.) All sacral nerves, and the hypogastrics cut. Stimulation of the 2nd 
nerves for 10 secs. Bl. vol. 68 ¢.c. Pr.=8 em. 


ard sacral may be more effective on the bladder than the 2nd. In one 
experiment in this series (posterior plexus), vesico-motor fibres were 
absent from the 2nd sacral nerve. In the majority of my experiments 
the 2nd sacral nerve was the most effective. The effect produced by 
stimulating the several nerves varies in and: not in 
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132 IJ LANGLEY. 
When the stimulation is brief, as 5 secs., the relaxation begins a few 


seconds after the contraction has ceased, so that. with a slow moving | 


drum the apex of the curve is sharp (op. Fig. 2 i, also figures given by 
Sherrington. This Journ. XIII. Pl. 22. 1892). With a slightly longer 
stimulus as 10 to 15 secs, the curve may be as in Fig. 2i, but there is a 
tendenoy to a less rapid relaxation at first, so that the upper. part of 
the fall is convex to the rise instead of being concave as in Fig. 2ii: 
in this case the hypogastric nerves were cut, but the form of the curve 
was much thé same before the section. 


Usually when the more effective nerves are 8 for 20 to 


30 seconds the bladder. is emptied, and there is a tendency for the 


contraction to persist for a short time. I have only made a few 


Fig. 8. (Exp. C.) All sacral nerves cut. Stimulation of the 8rd sacral nerves (a) for 


5 secs. and (b) for 60 secs. The Srd sacral nerves had relatively few vesico-motor 


Bl, vol.=48c¢.c, Pr.=7°5cm. | 


3 with more 8 ee in these the persistence 
of the oontraction varied, sometimes giving way during the stimulation, 
sometimes continuing after it; the result depending largely upon the 
height of the column of fluid the bladder had to support. There may, 
however, be prolonged contraction. I give an example in Fig. 3 from 
an experiment in which the 3rd ‘sacral nerves eens bad a much 
weaker effect than the 2nd) were stimulated. 

_ Occasionally the relaxation is retarded by a slow contraction, giving 
a curve with a ‘rounded top, which begins } to 4 ‘way down the curve. 
A fairly marked form of this is shown in Fig. 4, and a less marked form 


in Fig. 6. It might perhaps be due 
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to the fluid running back to the bladder having been cooled, but in 
that case, it would be expected to occur more frequently, and I am 
inclined to consider it a direct result of the stimulation. | 


Bl. vol. =80 C. 0. Pr. =18 em. 


In one case there were two such contractions, of 1 8 
(Fig. 5) In this experiment the 8rd sacral nerves were not cut on one 
side and the result may have been due to a reflex from the spinal cord. 
In other cases of unilateral stimulation I have not sec he found a 
similar effect. 


Fig. 6. aide cally Stimolation of right 2nd sacral 
Pr. about 8 em. 
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1s. em. of fluid. A high of course increases the rate: of 


relaxation and if the stimu- 1 a 


lus is brief lowers the height 
of contraction. An example 
of the effect of raising the 
pressure is given in Fig. 6, 
In (a) the pressure was 
75 to 8˙5 em., in (6) it was 
25 t0 26cm. The stimulus 
was the same in the two 
cases. 
With the sacral nerves 
cut the volume of the dl 
bladder at the end of re- Fig. 6. (p 0.) Stimolation of 2nd sacrals for 
laxation was nearly always 5 secs. ag 
the same as that ̃ end of thecurvetook place, 
beginning of contraction, matter the bulb was empty and the pressure low. 1 
occasionally the increase of Bl. vol. =50 c. o. | a 
volume in relaxation was 1 
slightly greater than the decrease in contraction, but never sufficiently 
greater to give any satisfactory evidence of the presence of inhibitory 
fibres. Since the tone of the bladder after section of the sacral nerves — 
is, as noticed by Elliott, slight, I tried in two experiments the effect ic 
of stimulating the sacral nerves after the tone of the bladder had been 
raised by pilocarpine; the curves were of the normal form. 1 
A few experiments were made in which the sacral nerves of one side ae 
only were stimulated; the form of the curves obtained had no constant | 
difference from that obtained with bilateral stimulation. When the | 
nerves of the opposite side were intact the latter part of the fall in the 1 
curve was @ little slower than usual but not slower than sometimes 1 
oocurs when both are cut. Similarly in the few experiments in which J 
the pelvic nerve on one side was stimulated, the curves obtained varied 5 
within the limits shown in Figs. 2, 3 and 6 d. 3 
In one experiment in which the spinal cord was out just above the 7th lumbar . 
vertebra and the lower end stimulated, the contraction caused by the first stimulation was seg 
followed by relaxation considerably below the original level. Here however there may ae 
have been some tone from the sacral spinal cord which was lowered by the direct eS 
‘stimulation. The same result was obtained by the first stimulation in Exp. D. (Fig. 5 


side only.) | 


* 
* 
. 
7 a 
| 
* 
| 
— 
* 
. 
* 
paris 
cues 
x, 
A 
N 
* 
* 
an 
x, 
2 
fr 
shy 
9 
1 
7 
< 
‘ 


_ NERVE FIBRES OF BLADDER. 185 


The effect of stimulating the branches of the cnet egy 
later (p. 163). | 
The normal effect then of stimulating one pair ‘of sacral nerves 
having vesico-motor fibres is a rapid contraction, which, if the stimulus 
is prolonged for 20 to 30 secs. and the fibres are many, leads to practically 
complete emptying of a bladder containing 50 to 80.c.c. The longer the 
stimulation (within certain limits) the slower the relaxation, i. e. the effect 
after the stimulus is of the same nature as that during it; and the 
curves give no satisfactory evidence of the presence of ny fibres. 


of the eral autonomic 
injection of curari,. 

1˙5 to 2 00. 1 po. curart. The minimal amount of curari i which will 
produce a change in the effect of the sacral nerves on the bladder, I 
have not determined, but an amount barely more than sufficient to 
paralyse the motor nerves to the muscle has a marked effect. In 
Fig. 7 some curves are given from an experiment in which 2 C. o. of 
1 po. curari were injected. On stimulating the 2nd sacral nerves 
a few minutes after the injection, the bladder began to contract in the 
normal manner, but instead of continuing until the bladder was emptied 
—as it had done before—it soon began to relax, and on ceasing to 
stimulate there was a second rather larger and more protracted con- 
traction (Fig. 7 al) On repeating the stimulus before this contraction 
had disappeared but for a longer time the result was the same except 
that there was a very slow contraction during the latter part of the 
period of stimulation (Fig. 7 a 2). 
_ The nerves were then stimulated at intervals of 5 to 10 minutes for 
an hour with a view of determining what modifications would occur — 
during partial elimination of the curari. Some of the curves obtained 
are given in the figure, it will be seen that they undergo a number of 
changes. The strength of the contraction increases up to a maximum 
in o; the smaller contraction in e was due to the interval between 

it and the preceding contraction being too brief. The slow con- 
traction during the latter part of the stimulus becomes in o a 
retardation of the relaxation, and it apparently disappears in d; this 
however may be partly due to the fact that a number of stimuli had 
previously been applied. The after-contraction decreases in abrupt- 
ness and extent and other things being equal is greater with a longer 
duration of stimulation ; the after-contraction in d and e is reminiscent 
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of the slow contraction which as I have said may occur normally 
(cp. Figs. 4 and 6), Throughout this, and another similar experinient, 
there was no indication of inhibition unless the quicker relaxation after a 
the primary contraction is taken as such, aoe a 
4 to 5 c. of 1 pe. 

oururi. After the 

larger dose of curari, 

there is an exaggera- 

tion of the change 

brought about by the 

smaller dose. The 

contraction immedi- 

ately following the 

stimulus is brief and 

very slight and on 

cessation of the stim- 

ulus there is a much 
stronger and much 

more protracted after- 

contraction (cp. Fig.8). 

If the stimulus is brief 

(2 to 5 secs.), the after- 

contraction more or 

i less fuses with the 

— initial one. If the 
4 | stimulus lasts a little 
longer, the initial con- 
traction is over before 
the stimulation ceases 
and the relaxation 
may pass into slight 
inhibition (cp. Fig. 8) 
The duration of the 
inhibition varies, but 
generally in the early 
stimulations a slow 
slight contraction be- 
gins in about 25 secs, 
i. a. there is some escape 
from inhibition. 


Stimulation of 2nd sacral nerves. The vol. of the 


2 0.0. 1 p. e. curari injected. 


Sacral nerves out. 


a. 8 after injecting curari. ‘Interval between a and 5, 18“ d and e, 26"; ¢ and d. 10; 4 and e, 7 (with * ‘ 


bladder slowly increased thronghont the Exp.; it was about 20 d. 0. in (a). Pr.=8 em. 


Fig. 7. 
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_ When the stimulus is repeated at any time before the relaxation 
feet the after-contraction is complete, there is a brief slight initial 
contraction as with the first stimulus, but the following inhibition is 
much greater (cp. Fig. 8). Since the bladder has more tone there is of 
course more scope for inhibition. On cessation of the stimulus, there is 
again contraction; this may be less absolutely than the after-contraction 
produced by the first stimulus, but by summation it increases the 
quantity of fluid expelled from the bladder. 


Fig. 8. (Exp. E.) Stimulation of the 2nd sacral nerves a few minutes after the injection 
of 0.0. of 1 p.c. curari. 
out on both sides.) Pr. about 8 cm. 


On repeating a brief stimulus several times at intervals of two or 
three minutes, the initial contraction is little or not at all altered, but 
the after-contraction rapidly decreases (cp. Fig. 9). There may also be 
some decrease in the extent of the inhibition, this however depends 
_ chiefly upon the degree of tone at the time. On continued repetition 
of the stimulus the ‘after-contraction becomes hardly stronger than the 
initial contraction. As mentioned above if the stimulus lasts for about 

25 seconds, a slow contraction usually -begins; if the stimulus is 
prolonged for a minute to a minute and a half, the slow contraction 
continues; it passes, on cessation of the stimulus, into the more rapid 
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after-contraction. The aſter · contraction is proportional to the duration 
of the stimulus up to a certain Hmit; in general the maximal after- 
contraction is produced’ by a stimulus: lasting 20 to 25 secs, Some 
figures to illustrate the effect of varying the duration of the stimulus 
will be given below in describing the action of nicotine, — causes a 
— change in se va to that caused by curari. 


Fig. 9. All sacral nerves tied and cut; 5 ¢.c. 1 p.c. curari injected, —— seera} nerves 
had relatively few vesico-motor fibres. (a) 2nd stimulation after the injection. Hun 
and 5th stimulation. Bl, vol. 65 6.0. Pr. about 15 om. 


Similar effects are obtained, though less in extent, by unilateral 
stimulation of a sacral nerve, or by stimulating the pelvic nerve 
centrally of its first ganglion. 


Increasing the quantity of curari up to l5cc. of a 1 pe. 3 


does not so far as I have seen alter the character of the curves, I have 


however made a few experiments only with the larger doses, In view 
of the action of nicotine it is probable that a sufficient — would 
abolish the initial contraction. 


of the earl nomic the 
injection of nicotine. 


Nicotine, as is anton causes strong contraction of the bladder. 
Side this contraction may cause temporary fatigue, it is advisable to 
wait a few minutes after relaxation before stimulating the nerves. 
Some details of the action of nicotine will be given later (p. 147) in 
considering how the contraction it produces is affected by curari. 
The amount of nicotine required to produce a given effect varies 
somewhat in differént cats independently of their weight, In a few cases 
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J have found three or four times the usual amounts to be required. I 
am not certain however that this large difference was due to individual 
variation. Ihave in the great majority of cases used Merck’s nicotine 
(extra pure), but the solutions have not all been made up from the 
same sample, and in some cases I have used nicotine not manufactured 
by Merck, or at any rate not having his label. In the following 
account: 1 give the dose which I have usually found to produce a am 
effect, but lay no stress on the precise amount. | 

Aſter intra-venous injection of 5 to 10 mgrs. of nicotine, the effects 
of nerve stimulation are similar to those already described for curari. 
Fig. 10 is from an experiment in which 5 mgrs. were sufficient to 
completely change the effect of stimulation. In this figure, the initial 
contraction means an expulsion of 3c.c. from the bladder, the sub- 
sequent inhibition a passage of 6°8 c.c. into it, and the after-contraction 
the expulsion of 22 c.c. 


Fig. 10. (Hxp. D.] (Op. Fig. 4.) Stimulation of 8rd sacral nerves for 80 secs. and for 
60 secs. a few mins, after injection of 5 mgrs. of nicotine. There was one stimula- 
tion just before these, so that the inhibition during the first stimulation in the figure 
ir an inhibition of an after-contraction. Bl. vol. 70 0.0. Pr.=18 om. 


1 will be noticed that in Figs. 8, 9, 10 the aſter- contraction consists 
of. two parts, a quicker first part and a slower second part. So far as 
my experiments go, this distinction is only found when there is an 

initial contraction during stimulation, and then not constantly. 
As I have already said in describing the action of curari, the form 
of the curve depends upon the frequency of the stimulation, and on the 
duration of the stimulus. Some examples may be given from the 
experiment from which Fig. 10 is 
caused by variation in these — | 
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Aſtter the tracing of Fig. 10, one brief ‘stimulus, was given in 7 mins. 
and then the traeing of Fig. 11 obtained. It will be seen that the 
height of the initial contraction is as great with a stimulus of 2 secs. 
as with one of 20 secs, i. e a very brief stimulus is sufficient to cause a 
maximal initial contraction. But with the brief stimulus, there is no 
inhibition, unless the slight check in the rise is taken to show a fleeting 
effect, with the longer stimulus there is marked inhibition. The course 
of the aſter- contraction is also different in the two cases, but the 
difference is chiefly if not wholly in the latter part of the contraction; 
the first quick part of the after · contraction in each case goes on at the 
same rate us the initial contraction, and in each case it is of practically 


Between and there wes an interval of three mine 
Bl. vol. 68 Pr. 18 om. 


the same on causing she expulsion of about 285 from the 


bladder; the gecond, slower, part of the after-contraction takes a 
different course with brief and with more prolonged stimuli; with the 
brief stimulus it continues for a few seconds and then dlowiy ‘declines, 
with the more ‘prolonged stimulus the contraction continues for more 
- than a minute. Thus as between stimuli of 2 secs. and of 20.secs. the 


more prolonged stimulus caused a more prolonged second part in the 


after-contraction. At the time of taking these tracings there was some 
fatigue, since there had been .sdme previous ‘stimuli. The less the 
_ fatigue the more nearly the rate of the second after-contraction (using 
this term for convenience for the secdnd part of the after · oontraction) 


approaches the rate of the first after - oontrabtion and of the initial 


contraction. At a short interval (2 mina) after the tracing of Fig. 11 a, 
the 3rd sacrals were again stimulated for 2 and for 20 se The curves 

are shown in Fig. 1 1b. Here the effect of 
after-contraction being somewhat less and the second: one much less. 
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to the Zrd sacrals and as we have seen the response of the bladder had 


been greatly decreased. The 2nd sacrals were now stimulated and the 
reduction in the response (cp. Fig. 12 c) was found to be much the same 


as if the 2nd sacral instead of the 3rd had been in frequent action o 
that stimulation of one pair of nerves greatly lessens the effect 7 


stimulating the other pair. The 2nd sacrals were stimulated sight” 
times at intervals of about a minute for a varying number of seconds 


(Fig. 12 4) The duration of the stimuli are marked on the tracing. 
The general results are the same as those described under Fig. 11. In 
addition it will be noticed that (a) with the glater stimuli of brief 
duration the increase of tone caused by the "enstier stimuli owls 


“Fig 1 (Exp. D.) Gee tent. 


contraction, and (b) that with a stimulus of one second the initial 
contraction and the first after-contraction apparently form an unbroken 
curve; a slight retardation can however be seen with a lens, and’ is 
obvious when the contraction is more magnified and the speed of the 


drum increased. After these stimulations an interval of 10 mins was 


left, and the nerves stimulated at intervals of 6 mins. in order to 
determine how far there would be recovery with such intervals, The 
results are shown in Fig. 12 B. 

It will be seen that with this interval, the curves attain a fairly 
constant level, the bladder expelling 17 to 20 c after each stimulus. It 
will be noticed also that with the longest stimulation (30 secs.), the 
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The duration of the inhibition may be very prolonged ; ; ite duration 
in favoured by repeated stimulation and by the stimulus being applied 
during an after-contraction. Thus in the Exp. quoted above, a quarter of 
an hour after the tracing of Fig. 12 B was taken, the three sacrals were 
stimulated and an after-contraction obtained causing the expulsion of 
about 30 cc. of fluid from the bladder; at the top of the curve the 


nerves were again stimulated and this time for more than three minutes. 


There was inhibition during the whole time (cp. Fig. 18), followed 
by moderate contraction on ceasing to stimulate. 

When a large quantity of nicotine is given (15 to 30 mgrs.), 8 
tion of the sacral nerves no longer causes an initial contraction, or if it 


does, the contraction is slight, and only occurs now and then in the , 
2 experiment. (See Fig. 146 and Fig. 16.) In place of the contraction 


there is slight primary inhibition. Fig. 14a is an example of the 


absence of initial contraction. The after-contraction is no longer, os 
far as I have seen, divisible into two parts (Cp. Figs. 14, 16, 18, 20, 21.) 


Fig. 14. (Exp. F.) 1st stimulation of the ind 


Bl. vol. about 
Pr.=9 om. \ 


the experiment from which fig 14 is of the 
2 nerves for 30 secs. before nicotine was injected had caused the 
expulsion of 63°5 C. of fluid from the bladder and had nearly emptied 


it. ‘As shown in Fig. 14 a, similar stimulation after the injection of 


15 mgrs. of nicotine caused no expulsion of fluid during the stimulation 
but caused 48 o. to be expelled after it had ceased. In this case there 
was very slight escape from the primary inhibition. In a later stimula- 
tion inating 60 occurred (Fig. 14). 
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Tus degree of ape from inhibition whilst the stimulus continues 
varies greatly in different cases. ‘Usually it is ers in ~ 3 a 
stimulations than in the earlier 4 
ones, and leas with 30 or more 
mgrs, of nicotine than with 8 


15 mgr. Fig. 15 gives @ 
marked instance of escape from 
inhibition after 15 mgrs. of 
nicotine. During the latter 
part of the stimulation the 
bladder expelled about 23 c.c. 
It will be noticed that dhe 
after-contraction was small, it 
was less than a half of that 
caused by the previous 5 secs, 
stimulus, this was no doubt 
due in part at any rate to the 
contracted state of the bladder. 
In this experiment, a second 1. Alt 
injection of 15 mgrs, of nicotine. 2 a few minutes after injection of 
greatly reduced the escape from 15 mgrs. of nicotine, . The sfter-contrac- 
ol escape during a stimulus 
lasting 60 secs. After an a 
interval of five minutes the 2nd sacrals were stimulated twice for 
23 mins.; during the first stimulation there was slight escape, during „ 
the second there was inhibition throughout, though it was slight 15 
(op. Fig. 16). 
Further the escape is, in general at any rate, greater when there is 
very little tone in the bladder than when the tone is considerable. 
This is shown in Fig. 16. A more striking instance is given in Fig. 18 a. 
Here when there was very little tone, stimulation for 20 secs, caused 
expulsion of 22c.c. of fluid from the bladder, nearly all in the last 9 
10 secs.; when the tone had been increased by an after-contraction:a Be 
initial contraction. 
ee wr in speaking of the effect of small doses of nicotine that . A 
| tion of one pair of sacral nerves if frequently repeated greatly 
decreases the effect of the other pair or pairs. I have 2 | 
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incidental observations with regard to this, but the fatigue in some 
_ cases is certainly only partial. Thus in the experiment from which 
Fig. 16 is taken, the 3rd sacral nerves, which had not been stimulated 


for 50 mina caused much greater inhibition and greater after-contraction _ 

fibres (op. Fig. 2i). | 


; n (Exp. A.) Stimulation of 2nd and of 8rd sacrals after 30 mgrs. of nicotine, ses 


text. Bl. vol. about 55 to 60 o. c. Pr. 7.5 om. 


contraction increases in extent, as it does when a smaller dose of 


nicotine has been given. The maximum after-contraction is commonly 


obtained in 20 to 30secs. With more protracted stimulation (1 to 2mins.) 


the after-contraction has sometimes seemed to diminish, but this a I 


have not yet worked out. 


Although it was unlikely that the aber Genet 0 was 1 by 


polarisation currents set up in the nerve at the point of stimulation, I 
| thought it better to determine this by experiment. The 2nd sacrals 
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were stimulated and inhibition produced, during the inhibition the ah 
nerves were cut peripherally of the electrodes; ‘an 
normal form ensued on the section. 

There is a wide range of strength of imate within which the 
effect i is increased by increasing the strength of the stimulus. « of 
Large doses of nicotine (up to 75 mgrs.) do not ‘abolish. the 
inhibition or the after-contraction though they diminish them. 


ORIGIN FROM THE SPINAL CORD OF THE NERVE FIBRES PRODUCING | 
THE CHANGED RESPONSE. 


In the sila account I have assumed that the nerve Ares 
which cause inhibition and after-contraction after curari or nicotine 
arise from the sacral spinal cord. The direct evidence that this assump-* 
tion is cbrrect is of course afforded by stimulation of roots of the nerves. — 
11 is easy to obtain 2-3 om. of the roots of the 2nd sacral nerve, and 
these give the same effect as stimulation of the trunk of the nerve. 
Moreover the fibres run in the anterior roots, for stimulation of these 
have again the same effect, whilst stimulation of ~ paneer roots 
(one experiment only) has no effect. . 
Since a characteristic of the changed effect is the production of 5 
inhibition, and since the sympathetic contains inhibitory fibres for the 
dladder, it was desirable to show that no part of the effect obtained by 
stimulating the sacral nerves was due to sympathetic fibres running to 
them in the grey rami of the sacral sympathetic ganglia. Evidence on 
this point has already been given by Anderson and myself“ 1 : 
found that stimulating the sympathetic chain just below the 6th lumbar 4 
ganglion usually had no effect on the bladder but occasionally caused a 
trivial contraction, and so far as could be seen by the eye, no other effect, 
the slight contraction when obtained we considered to be due to fibres 
running by the aortic plexus to the pelvic plexus. Since it was possible 
that the sympathetic effect would only be brought out by curari I have 
taken a tracing of the bladder movements in the usual way and have 
stimulated the peripheral part of the sympathetic after cutting it below 
the 6th lumbar ‘ganglion, before and after injection of curari®. Neither 


Langley and Anderson. This Journal, XII. p. 186. 1096. 
Shoes 
(pilo-motor and vaso-motor) to the sacral nerves, and that these are stimulated bp 
‘stimulating the sacral nerves 4 short distance from the spinal ganglia; the sympathetic 
‘fibres accompany all the branches of the sacral nerve except the pelvic nerve, Tho 
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before nor after was any distinet effect obtained; occasionally there was 


apparently a, trivial contraction (expulsion of about 3 c.c. of fluid), but 
even this my been due to other causes than the nerve 


When stimulating the sacral autonomic fibres, the stimulus affects 
nerve fibres, nerve cells, and the unstriated muscle of the bladder. 
Since neither curari nor nicotine in small amount has been found to 
have any appreciable action on nerve fibres, we may put these out of 
account as being concerned in the changed response of the bladder. 
We have then to consider whether the change in normal effect occurs 


0 


: It has been shown in all the cases investigated that nicotine bes an 
action on peripheral nerve cells, In nearly all cases its primary action 


isa brief stimulation. This can be shown as regards the bladder by 
applying nicotine locally to one or more of the ganglia of the pelvic 


plexus, or to the inferior mesenteric ganglia, After the stimulation 
there follows, in the cat and some other animals, a paralysing action, in 
so far that there is more or less complete abolition of the normal effect 


of stimulating the pre-ganglionic fibres. As regards the bladder it was 


found by Anderson and myself after injection of nicotine that stimu- 
lation of the pelvic nerve had no effect or only a slight one, that 


stimulation of the branches just past the Ist ganglion had a slight 
effect, and that local contraction, to the eye not greatly less than 


maximal, could be obtained by stimulating one or other of the branches 
close to the bladder. As has been shown in the preceding pages the, 
abolition of the motor effect of the pre-ganglionic fibres only holds for 
the attual period of stimulation, and this only with some reservations. 
Our observations however showed that the absence of contraction during 
stimulation was due to an action of nicotine on the nerve cells and not 
to an action on the bladder itself. To this question I shall return in a 
later section (p. 163). 


The more primitive form occurs in the frog (cp. Langley and Orbeli, this Journal, 
| XII. p. 469. 1910), in this animal the sympathetic vesico-motor fibres run in the pelvic Ba te 
hypogastric, of the type which is present in the mammal, is absent. 


1 Langley and Anderson. This Journal, II. p. 185. 1895. 
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Now we have seen above that curari modifies the effect of stimulating 
the pre-ganglionic fibres in much the same way as nicotine. We should 
then expect that this action of curari would also be due to a modification _ 
ol the nerve cells. It has in fact been shown in certain cases that 


cururi Paralyses peripheral nerve cells in the same way as nicotine does’. 
One way of determining whether curari acts on the same part of the 


nerve cell as nicotine is to investigate how far one interferes with the 
action of the other. As a preliminary I may say a word or two on the | 


action of nicotine and curari on the bladder. 


Nicotine in any dose from half a milligram upwards causes con- 
traction of the bladder. The minimal dose is no doubt much less than 


half a milligram, but I have not determined it, since it was of no 


importance for my main object. The contraction produced varies. — 
Anything from a fourth to (practically) the whole contents of the 
bladder may be expelled. It is obvious that many conditions influence 
the volume of fluid expelled. I need only mention the rate of injection 
and the amount of nicotine. A slow injection tends to keep up the 


stimulus ; large amount tends to paralyse the nerve cells quickly; thus 


a small amount injected slowly may cause greater contraction than a 


larger amount injected rapidly. As with other stimulations by nicotine, 


contraction of the bladder may in certain conditions be obtained several 


times in succession. 


The usual form of curve e obtained by injecting nicotine after section 


of the sacral nerves is a simple rise and fall, the whole taking two to 
five minutes The fall is usually somewhat quicker than when the 
_ sacral nerves are stimulated; this might be due either to the sympathetic 


inhibitory cells being stimulated or to a more abrupt cessation of the 


stimulation of the sacral motor cells. In one case, however, the 
relaxation took longer than five minutes; and in one case, for no 


obvious reason, the relaxation almost stopped when it had proceeded | 
for about two-thirds of the rise caused by the contraction. A subsequent 


injection produced the normal result. 


Wben no nerves are cut there is a tendency for the relaxation to go. | 
past the original level, this probably depends on the degree of tone in 


the sacral centres. In one case this greater relaxation was observed 


when nicotine was cord in the oth 


Langley and This Journal, p. Langley — 
Anderson. NX. p. ** 1806. 
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or two. As a rule the rise is 
-more prolonged with a small 


tion is due to a slight transient 
stiniulation of the pelvic nerve 
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In other conditions other forms of curve were obtained : 


a. More or less complete relasation followed by slow contraction not disappearing for 


ten or more minutes, The most marked case was in a young cat not full grown; the third 


lumbar segment of the cord was excised and the sacral nerves out; the bladder volume 


under a pressure of 10 om. salt-solution was only 20 C. 0.; 80 mgrs. of nicotine caused 
a small rise and fall followed in about a minute by a protracted contraction which nearly 
emptied the bladder. Slow contraction as an after-effect also occurred in an Exp. in 
which both hypogastric and sacral nerves were cut, and in an Exp. in which one pelvic 
nerve was cut and the bladder immersed in warm Ringer’s fluid, in the latter case the 
slow contraction began before complete relaxation from the primary nicotine contraction. 


b. Contraction with little or no relazation. In one case, in which the nicotine 


(10 mgrs.) was injected into the peripheral end of the carotid artery, the bladder con- 


_ tracted nearly completely, and there was ‘slight relaxation only. In another case, a half. 
grown cat, most of the ganglia were removed from one half of the bladder and the bladder 


immersed in Ringer’s fluid. The bladder volume was only 19 b. c. with 10 om. pressure; 
20 mers. of nicotine caused nearly complete contraction not followed by relaxation. 

One cause of persistent sfter-contraction with nicotine may perhaps be an insufficient 
blood Sow the bladder, 


Curari as noticed by Anderson and myself? causes on first injection , 


a slight rise lasting for a minute 


dose (1 to 2 cc.) than with a 
large one (5 to 10 cc). It 
occurs after section of both 
sacral nerves and hypogastrics. | 
It is possible that the contrac- 


cells, similar to, but much less 


than, that caused by nicotine’. Fig. 17. Sympathetic nerves out below 6th 


Later doses of curari have either lumbar ganglion. 5 mgrs. of pilocarpine 


‘nitrate injected. The Figure shows the 


= effect elignt effect of injecting 3 0.0. of 1 p. curari. 
transient relaxation. In two Tin obliee experiment, spoken of in 
experiments curari was injected i the text, the sacral nerves were cut on one 
after the tone of the bladder had de only; the injection of 40.0. of 1 p.c. 


@urari caused a more gradual fall (26 c.c.) 
been: increased by pilocarpine followed by gradual rise, the whole 


(5 mgrs.), in each case there was lasting 4 mins. 


1 This Jowrnal, xm. p. 82. 1895. 
The transient secretion ͤ end 
others as caused by curari may also be due to stimulation of the nerve cells on the course 


the chorda tympani, The statement of Oxabalski (4rch. J, d. ges. Physiol. oxxxm. 


p. 282. 1910) that curari causes mo secretion after section of the chorda tympani does 
not agree with my experience, though it is true that secretion is sometimes absent. 
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a considerable but temporary relaxation and decrease of the 2 


spontaneous contractions (op. Fig. 17). 


In Table I. I:give an abstract of the results of some experiments on 
_ the effect of injecting ‘nicotine after curari’. It will be seen that a 


sufficient dose of curari completely stops the effect of an amount of 
nicotine which, otherwise would have caused strong contraction of the 


bladder, and that strong contraction can be obtained by giving a larger 


quantity of nicotine. Further it is fairly certain that a given quantity 


of curari stops the effect of a definite quantity of nicotine, when nicotine 


is given in excess a this W the contraction is proportional to the 
dose. 


E same kind as that which 


I have shown to hold in the case of striated muscle’. 


We have seen that a large amount of curari does not prevent the 
sacral nerves from causing a slight initial contraction, that the con- 


traction ceases during the stimulation and may pass into inhibition, 
and that after the stimulation there is again contraction. None of this 


is seen when nicotine is injected after curari; if it produces any effect, 


it is the normal effect—a contraction and relaxation of approximately 


normal rate. Thus the nicotine stimulus produces a different effect 
from the nerve stimulus. Similarly when ‘nicotine has changed the 
normal effect of sacral nerve stimulation to slight inhibition and after- 


contraction, a further dose, if it is sufficient to have an effect, causes 
contraction of the normal type. 


The facts dealt with in this section increase the probability, already ks 
„from the facts known of the mode of action of nicotine and 


cured that these poisons cause the changed response by an action on 
the nerve cells on the course of the sacral vesico-motor fibres. ) 
Now just as nicotine and curari are types of alkaloids which have « 


: "1 The ensential experiments given in this section wore made in 1901 (though I bave 
added some details since) in the course of a general inquiry into the antagonistic action 


of curari and nicotine on peripheral nerve cells. The experiments led incidentally to 
observations on the supra-renal éxtract and as these seemed to me more interesting, the 

original ones were put aside. On returning to them again I noticed the changed response 
of the bladder to sacral nerve stimulation, and this again has led to my deferring the 


completion of the original research. I may mention here that a sufficient dose of curari 


abolishes the effect of a small dose of nicotine (8 mgrs.}on all the peripheral nerve cells 


investigated except on some which cause a rise of blood-pressure, the effect on these was 


lessened only. The ainount of ore required to stop the effect of o given dose of nicotine 
Foaries in different ganglia. 
Broa: Physiol. Soe. p. \xxi, 4000. Journal, This Journal, 
Proc. Physiol. Soc, p. lix. 1910. (This Journal, I.) 
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TABLE of intravenous injection of niestine after curari. 


a simple rise and fall unless otherwise mentioned. 

Exp.  Nerveq pe, injected 

1 Secral nerves 7— 
10—3 0. o. 


2 ” ” 


0 0., 18/28 0.0. 


8 Ons pelvic nerve 010 


24 —20.6., 87’—5 0. c., 
50 —5 0. o. 


11 nerves 


, 


02 0.0, “2 0. 


5 08 0. 

7 97 97 
| 1 mg, 
chain 0. 0., 14’—2 .c., 
L. ganglion 27 ¢.¢., 40 C. o. 
9 
one side. . | 

10 1 . Part 0 4 0.0. 


Nicotine injected 
20 — 1 mg. 


18.— 2 mg. 


27. 8 mg. 
59 —20 mg. 


680 mg. _ 
74 — 8 mg. 
the flowing the eet of «smaller amount of curr wa 


12— 8 mg, 


60. 8 mg. 


rf 


106 —20 mg. 


effect. 


Theme ia gen the injection of Te contraction’ carve was 


of nleotine injection on bladder 


No contraction slight relaxation 
2 little later. 


No contraction, a little later a 
slow slight rise. 


Contraction (10 to 12 0.0. ex- 
pelled). 


No effect. | 
Contraction (15 c.c.) followed 
by 


Good contraction. 


slow. 


Slight contraction. 
Good contraction. 


— — 


iven before 


» 


20 —20 mg. Good contraction, relaxation 

48'— 2mg. Good contraction. (Here the q 

longer interval allowed partial 4 

elimination of the curari.) 4 

1 (5 mg. of pilocarpine had been = 

iven aes the curari. 4 

Trace of contraction. (1 0. o. 4 

the bladder was nearly fully 

: contracted.) Slight contrac- 3 

tion (8°7 ¢.¢.). 

18’—20 mg. arge contraction, continues for 

60 —20 mg. Small contraction (8) ©.c.). 

this slow contraction con- 4 

—50 mg. ‘Slight contraction. 4 
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specific action upon the structures in which pre-ganglionic fibres end, so 
pilocarpine and atropine are types of alkaloids which have a specific 


action on many of the structures in which post-ganglionic nerves end, 
it seemed then desirable to investigate whether pilocarpine and atropine 


curari or nicotine. 


(b) fect of pilocarpine on the changed reeponee 


It is known that a small quantity of pilocarpine causes contraction 


of the bladder and that this continues as increased tone for a consider- 
able time. The chief object of my experiments was to determine 
whether this tone is inhibited by stimulating the sacral nerves in a 


curarised or nicotinised animal in the same way as the tone of an after- 


contraction is inhibited. 
The responsiveness of the bladder to pilocarpine (given as nitrate) 
varied considerably in my experiments. The amount injected was 


1 to 5 mgrs, and in one case 10 mgrs. of the nitrate, The contraction 


may be quick or very slow, the maximum is kept up for 5-10 mins. and 
then slow relaxation sets in. a contractions (1-3 C.) are 


caused. 


rapid (see Fig. 19), in one it was slow, in two there was no contraction. There was 


oopious secretion of saliva in all cases, the pupil contracted slightly in two only. The 
eiroulation in it. 
During the tonic contraction, of she: 
dependent on the resistance to outflow than I had expected; thus in 


one experiment with bladder volume 70-75 c.c. and pressure of 10 cm. 
of fluid, 5 mgrs. of pilocarpine caused a slow gradual contraction of the 
bladder which nearly emptied it, on raising the pressure to 15 cm. the 
bladder gradually filled; on lowering the pressure to 10 cm. at again 
gradually emptied. 

The decreased volume of the bladder caused by pilocarpine naturally 
decreases the absolute quantity of fluid expelled by a given stimulus, 


thus in the experiment just referred to, stimulation of one 2nd sacral 
nerve for 15 secs. before pilocarpine was injected (bl. vol. 70-75 c.c.) 
caused 34°6 c.c, to be expelled, after 5 mgrs. of pilocarpine when the 


volume of the bladder had decreased by 26 c.c., the same stimulus 
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» The broad features of the effect of curari and nicotine on the results 
a sacral nerve stimulation are not altered by pilocarpine, i a. inhibition 


and after-contraction are still obtained, and with curari or nicotine 
dees certain amount, a small initial contraction also. Further the 


tone caused by pilocarpine can be inhibited in the same way as is the 


_ after-contraction ; in order to show this, nicotine (or curari) is given, 


the sacral nerves eee and whilst the aſter- contraction is near its 
maximum a second stimulus is sent in; when the after-contraction bas 
completely disappeared, pilocarpine is injected and during the rise the 


_ sacral nerves are stimulated for a third time. The results of such an 
experiment are shown in Figs. 18 and 19. 


Fig. 18. (Exp. G.) 


carpine. Sacral nerves cut. Pr.=10 om. eee 
| 
vol. about 66, rd moral nerve for 20 se. nd the tila 
repeated during the after-contraction (see a), 48°7 c.0. expelled. 
12’—Bl. vol. about 65.c. 1 mgr. of pllocarpine nitrate injected ; ‘when the bi. vol. 


= Seale contraction caused by pilocarpine caused: good inhibition lasting 


(after a trifling initial contraction) for the whole period of stimulation 


(60 secs.), the fall corresponds to a passage of about 15 cc. into the 


bladder. After subsequent injection of a larger amount of nicotine, 
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the bladder being nearly fully contrabted, stimulation . dea! 
nerves caused less relaxation, 6 to ‘Toa, any ar fluid passing into: thi: 
bladder. (Fig: 19.) | seta 
"Tt may be. noted that this experiment was exceptional in two 
respects. The injection of 15 mgrs. of nicotine did not prevent the 
flͤrst stimulation of the sacral nerves lasting 20 secs. from causing con- 
traction, it only reduced it; before the injection of nicotine the stimulus’ 
had caused expulsion of about 55 c.c., after the nicotine it caused expulsion — 
of about 22 c, though’ the ‘after-contraction nearly made up the 
difference.. Secondly the contraction with 1 mgr. of pilocarpine was 


much more rapid than in any other experiment, even in those in which 5 
when 5 were 


Fig. 19. (Exp. G.) Continuation of Exp. deseribed in Fig. 18. 
29 Bl. vol. about 11 ¢.c. ; 80 mgrs. of nieotine injected, about 8 .c. expelled. 
35.—Bl. vol. about 6 0. 0. 
sscrals had no effect. | 


During the 85 mins., there were no other stimuli than those mentioned. 


In most of the other experiments—eight. in all were „ 
inhibition and after-contraction were much less striking than in this. 
There were great variations in the degree of inhibition, in the extent of 
escape from inhibition during the experiment, in the extent of the 
after-contraction, and in its duration. The conditions of the experi- 
ments were however in no two cases quite the same. But the general 
resulta were clear, namely that the changed response of the bladder 
to stimulation of the sacral nerves produced by curari or nicotine, is 
uraffected in its essential features by pilocarpine, 

by pilocarpine ean be inhibited. 
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Tha effect of atropine upon the changed response. 
1 was shown by Anderson and: myself? that in the normal state 
2 in considerable amount (up to 50 mgrs. of the sulphate in the 
cat) does not paralyse the vesico-motor nerve fibres, but that it does 
cause a marked weakening of their effect. I have not determined the 
minimal effective amount, but 10 mgrs. ° is sufficient to cause a con- 
siderable decrease in the height of the contraction. Thus in one 


experiment in which 125 sacral nerves were stimulated, the resulta ™ 


Number of c.c. expelled om bisader 
868 


A had no further effect. Bl. vol. = 80 0. o. 


The form of the curve is not obviously altered. 
The contraction caused by pilocarpine is, as . he Dien’, 


rapidly abolished by atropine’. In my experiments atropine’ caused a 


gradual decrease of the tone of the bladder when pilocarpine had not 
been given, and when both sacral and hypogastric nerves had been cut ; 
usually its first effect was slight transient contraction. 

A remarkable effect is produced by injecting atropine after nicotine. 
As we have seen, after a certain amount of nicotine has been injected, 
the sacral nerves cause inhibition during the period of their stimulation. 


_ Atropine almost instantaneously chariges the primary effect. Instead of 


inhibition there is a slight contraction, followed by quick relaxation. 
The other features of the curve though they may be modified in extent 
are not usually altered in character; if there is a slow contraction during : 
the latter part of the stimulation before atropine is given, there is a 
similar slow contraction after it has been given and this may begin 


beſore relaxation of the initial contraction is complete ; this slow con- 


traction is readily fatigued. The after-contraction is greatly reduced 
and if fatigue has been caused by repeated previous — there 
may be none. In Fig. 5 


1 This Journal, xxx. p. 82. 10906. 
paralysis 


of the motor nerves, sce Dixon, this Journal, xxx. p. 122, 1904; and Oushny, [bid 


XII. p. 284. 1910, 


Pers atropine brevity asd fr atropine sulphate, 
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The evidence of inhibition after the initial contraction varies in 
different conditions. When atropine has been allowed to produce its 
full dilating. effect as in Fig. 20, the fall of the curve. of the: initial 


contraction does not go. below the level at which the rise of the 
contraction’ started, and as Ihave said a second slow rise may begin 


before relaxation is complete. I have tried the effect of ‘stimulating 


the sacral nerves during increased tone of the bladder. brought about in 
three different ways. (a) During a strong after-contraction, atropine 
was injected, and the nerves stimulated before the after-contraction had 
passed off: an example is given in Fig. 21; it will be seen that there 


was slight, but only slight, signs of inhibition following the initial! 


contraction. (6) After giving atropine, nicotine was injected, and the 
nerves stimulated before the contraction had passed off; in this case 


the inbibitipn was rather more marked (ep. Fig. 21)“ (e) The 
nerves were imulated during an after-contraction, in this * the 


doses of 10, 10 and 20 mera. Pr. 7 om. 
a. Stimulation 2nd sacrals 15 secs, 
, 10 mgrs. atropine sulp. injected. This was followed by a relaxation of the 
a bladder, 14 mins. after the injeotion the 2nd sacrals stimulated tor 20 secs. gave 8 
contraction like that in but with less ‘after-contraction, ‘ 
d. Stimulation of 2nd sacrala for 80 secs. The relaxation of the bladder since 
the beginning of the stimulus (a) had led to the passage of 15 ¢.0. of fluid into it. 
Stimulation of Sind for 10 stes., u few minutes after (i). 


* 


Fig. 20. (Exp. B.) Sacral and hypogastric nerves out. “40 mgrs. nicotine injected in 
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Fig. 21. 40 mers. of nicotine and 45 mers. of atropine had been injected before the 
", tracing given in the Figure was taken. 50 mgrs. of nicotine was then injected and 
_ the 2nd sacral nerves stimulated several times. The fall on the 8rd stimulation 
It will be noticed that 
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inhibition was decided (cp. Fig. 21*). Further experiments are required 
to determine whether the differences in the degree of inhibition found 
in these experiments by the different methods are constant, but they 
suffice to show that inhibition may occur. | 

The initial contraction is weak, usually expelling only 4 to 6 c.c. of 
fluid with a bladder volume of 50 to 80 c.c. and a pressure of 8 to 10 em. 
It remains fairly constant for a number of successive stimuli at intervals 
sufficiently long for the after-contraction to have passed off. 

The form of the curve is affected by the duration of the stimulus 
(tetanising current), by the previous stimulations, and by the interval 
between successive stimulations. It is also affected by the strength of 
the current, but to this I have paid little attention. 

When the stimuli last a second or two only, there is no distinction of 
initial and of after-contraction, they are either fused together or more 
probably there is no after-contraction; with longer duration of the 
stimuli the after-contraction appears and increases up to a duration of 


Fig. 22. (Exp. D.) Effect of atropine. See text. 


about 30 secs. Increasing the duration of the stimulus further, up to 
about 60 secs, usually causes no further increase in the after-contraction 
(ch Tig 21) : 
On repeating the stimuli at intervals of a minute or two, the after- 
contraction becomes slight or disappears, a great reduction may occur 
rapidly as in the case given in Fig. 20; after a pause the after- 
contraction is again obtained. When atropine is injected at the end of 
an experiment during which there have been numerous stimulations, 
stimulation of the sacral nerves may cause little or no after-contraction. 
Thus in Exp. D (from which Figs. 4, 10, 11, 12, 18 of this Paper have 
been taken) 10 mgrs. of atropine were injected a few minutes after the 
tracing shown in Fig. 13. Stimulation of the sacral nerves then caused 
a slight initial contraction (47 c..) and a mere trace of after-contraction 
as shown in Fig. 22 a, and a little later it caused none. The conditions 
which conduce to the absence of the after-contraction on the first 
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: stimulation sibsequent to the injection of atropine are frequency of 


previous stimulation and a deficient circulation with lowering of body 
temperature leading to a reduction of irritability. Further the amount 
of atropine has some influence, thus when uſter- contraction is obtained 
subsequent to the injection of atropine, a large additional dose (30 mgrs.) 
may abolish it, without abolishing the initial contraction, possibly 
however this is an indirect effect due to weakening of the circulation. 

I have said that with tetanising currents lasting a second or two 
only there is little or no after-contraction. When such currents are 
sent into the nerves | 
at intervals of a few . 
seconds, the first con- 
tractions are more or 
less summated accord- 
ing to the condition of 
irritability, the later 
ones are quicker and 
are not summated, still 
later ones become less 
in strength and dura- 
tion so that relaxation 
occurs notwithstanding 
the continuation of the 
stimuli. In Fig. 23.4 
is shown the effect of . 
stimulating for 5 secs. Fig. 98. (Exp. A.) Bilest of successive brief stimuli 


out of each 15 secs. after nicotine and atropine; see text. A short time 
for half a minute, in 7 

Fig. 23 ö (taken a little hour 80 mers. of nicotine had been given in two 


later) the effect of sti- doses, 


; After a further of 80 mgrs. of atropine 
of each 5 secs. forthe oe and this persisted after s subsequent 
same period. Fig. 225 ‘injection of 50 mgrs. of nicotine: 
shows the effect of 
similar stimulation in a less irritable tissue. 

It may be noted that the latent period of the after-contraction | 
varies from about 2 to 10 secs. 


In the preceding experiments the pressure varied from 8 to 10 cm. 


_ salt-solution. I have only tried one experiment in which the pressure 
was varied. After injection of the 


11—2 


. 
Fe 
7 
& 
= 
7 
= 
2 
— 
1 
2 
1 
\ 
te 
* 
* 
23 
1 
* 
>» 
*. 
10 
4 
> 
* 
an 
5 
‘ 
kv 
| 
172 


\ 


2nd sacral. nerves, with a pressure of 17 em. caused a slight contraction 
(about 4 0) which was slow (as it usually is in fatigued conditions), and 
no after-contraction; the pressure was then lowered to 3'5.cc., the 
fluid expelled’ was then greater (nearly 12.0.0.) and the relaxation 
(cp. Fig. 24) was very slow. No — stress however can be laid on a 
observation. 


Fig. 20 (Exp. F.) Effect of internal pressure on the contraction obtained after nicotine 
and atropine (see text). Previous to the injection of atropine — ee nid and after 
of 45 mgra. of nicotine, ulation of the 2nd * 


There are some variations in the forms of the curves which remain 
te be mentioned. 
i. In one experiment the cessation of the stimulus was marked by 
a relatively quick relaxation (cp. Fig. 23 ö), this was followed by the 
usual after-contraction. 

ii In one or two cases there was a slow slight contraction 


during the stimulation and immediate relaxation not greater than the 
previous contraction following it, and there was no aſter- oontraction. 


An example is given in Fig. 25. Both contraction and relaxation were 
slight (about 2,c.). Related to this is probably the slowing of the 
contraction which occurs immediately after stimulation in the cases in 


: which ‘ee is a slow contraction 28 the latter part of a stimulus, 
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In one experiment large after - bontraction was obtained, This 
was apparently conditioned by the nicotine paralysis being very im- 
perfect. In this experiment ali the * were were into 8 
peripheral end of the carotid artery bia} 
and it is probable that a consider 1 
able portion was taken up by the 
central nervous system and did not 
pass into the general circulation. 
In fact in this animal 2 ac. of 
pure chloroform injected into the 
carotid did not stop the heart in 8 
mins. The point that concerns us 
here is that after injection of a large 
quantity of nicotine the 2nd sacral 
nerves stimulated for 10 secs. caused 
contraction in 2 to 3 secs. which 
was very nearly as rapid as the after- 
contraction, the whole contraction 
expelling 25 to 30.c.c. from the 
bladder. (Bl. vol. about 638 ae. N 
Pressure 15 om.) The Ist sacral Fig 26. of atropine 
nerves’ which had relatively few after nicotine; see tert. : 
vesico-motor fibres gave the usual 
effect (cp. Fig: 26a), Ten mgrs. of 8 were then injected ssid 
the nerves again stimulated. The results are shown in Fig. 26 ö, c. 
It will be seen that the - Ist sacral nerves gave the usual result which 
oceurs after atropine, so did the 2nd sacral nerves when stimulated for 
5 secs, but when stimulated for 45 secs. there was a considerable after- 
contraction (14 to 15 


The first 
injection caused a contraction of the bladder which nearly emptied it (bl. vol. =55 b. o.). 
but the relaxation was very slow, not beginning till some minutes after the second 
injection. After the second injection, stimulation of the sacral nerves, the bladder still 
being contracted, caused a slight contraction and a slight after-contraction; when relaxa- 
tion had occurred, the sacral nerves caused a good contraction on brief stimulation. The 
third injection caused slight contraction (14 0. e.); and the second sacrals stimulated for 
five secs. still caused expulsion of more than 20 c. 0. The fourth injection caused little or 
no contraction of the bladder; the second sacrals stimulated for 10 secs, after a latent period 
with slight inhibition, caused expulsion of abont 5 ¢.c. during the stimulation and of 
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and that there is a slight slow after- 


there was only slight contraction 


“162 


Tube conditions.in which these variations occur obviously require 
farther investigation. 
I have made four experiments with a small amount of atropine : 


(J. 1. 1, and I. gr.) and it is clear I think from these that the main 
effects of atropine are caused by a very small dose. A reversal of the 
primary effect of stimulating the sacral nerves occurred in all the 
experiments. There was some slow contraction during the stimulus 


Pig. . (Ap. G.) Sacral nerves cut. The following injections had been made, 15 mgrs. 


of nicotine, 1 mgr. pilocarpine, 80 mgrs. of nicotine. 12 mins. before the first tracing 
in the Fig. 1 mgr. of atropine sulp. was injected, this caused large relaxation of the 


bladder, so that the vol. was 75 to 50 0.0. The Fig. 


the 8rd sacral nerves at five minute intervals, Pr.=10 cm. 


after the initial contraction, and in one case in which the 1 


at intervals of 5 mins. the slow contraction was relatively large. The 


effect is shown in Fig. 27. It will be seen that the relaxation of the 


initial contraction is interrupted bß 
a second contraction (about 10 cc.) 
contraction. In order to ascertain 
the effect of a larger quantity of 
atropine 10 mgrs. were then injected 
and the sacral nerves again stimu- 
lated. As will be seen from Fig. 28 


during the stimulation and the 
after-contraction was only just per- 


ceptib Fig. 28. (Exp. G.) The tracing is a con- : 
le. tinuation of that of Fig. 27, 10 mgrs. 


Atropine at whatever stage of of atropine were injected and the 


an experiment it is given appears 8rd sacral nerves again stimulated. 


to have very little effect on the 


contraction caused by injecting 15 to 30 gra of nicotine (ep. Fig. 21°) 
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inne of portions of the vesical pleaus. 


I have already mentioned (p. 147) the evidence there is that 
_ nicotine prevents the normal motor action of the sacral nerves by an 

action on the peripheral nerve cells and not by an action on the bladder. 
It seemed to me desirable to make a more complete investigation of 
this question by means of the graphic method, which might disclose 
some inhibitory effect, not obvious to the eye, and also by stimulating 
more purely post-ganglionic branches than exist outside the. bladder 
itself, 

Observations of this nature present more dificalty i in the case of 
bulbar and sacral autonomic ganglia than they do in the case of 
_ sympathetic ganglia, for the former lie for the most part at the nodal 

points of a plexus in or on the organ. In investigations on the salivary 
_ glands this is of little importance, since tetanising currents applied to 
gland cells cause little or no secretion, and thus the electrodes may be 
placed on the peripheral parts of the plexus with little fear that the © 
result is due to anything but nerve stimulation. But if the same method 
is applied to the nerve-plexus on a muscular organ, the direct effects of 
excitation will certainly obscure, and may completely hide the effects of 
excitation of the nerve fibres. Hence then in order to obtain satisfactory 
results from the plexus which lies on the bladder, one or more of the 
strands must be isolated. The isolation introduces some difficulties in 
procuring a successful result. It cannot be done without exposure of 
part of the bladder, and the part exposed is apt to pass into a state of 
more or less strong tone with rhythmic contractions. It interferes to a 
greater or less extent with the circulation in the bladder, this is less on 
isolating the peripheral portions of the plexus than in isolating the 
proximal portions, In general there is little difficulty in obtaining a 
strand consisting wholly, or almost wholly, of post-ganglionic fibres 
without rendering the bladder abnormal, but there is some difficulty in 
obtaining a proximal strand having an isolated ganglion on its course 
without interfering with the circulation. In Fig. 29, I give a sketch of 
the entering nerves’, nerve-plexus and ganglia in a particular case. 
The n strands of the plexus and the smaller branches to the 


ofthe whole pve plexes Langley and Anderson, 1 This 
1896. 
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bladder are not drawn. Small ganglia sometimes occur more peri- 

_ pherally.than in this case and no doubt additional groups of nerve cells 
would be visible under the microscope, Each branch of the pelvic 
nerve has an obvious ganglion on its course soon after it reaches the 
bladder, the ganglia are eonnected into a. plexus; from the plexus, 
nerve strands of various size are given off, which usually at any rate do 
not anastomose in that part of their course which can be dissected,. the 
largest run close to the line of the lateral ligament. It will be noticed 
that in this case a small branch from the hypogastric nerve accompanied 
the pelvic branches, it divided into two filaments both running dorsally, 
one to the neck of the bladder under the ureter; 80 far as they were 
| 


— 


wee 


Fig. 29. „% ˙ „d 


In experimenting, one or more strands were tied and cut, the 
bladder being exposed as little as possible, then either the small cut in 
the abdominal wall was covered with warm moist flannel, or it was 
largely extended, and the posterior part of the animal placed in 5 
fluid at 38-40 C. 
We may take first the effect of e the pelvic nerves a little 2 
past the first ganglion of the plexus. Three experiments were made. 1 
In two ourari only was injected; there was no certain difference in the a 
effect of stimulation from that given by the pelvic nerve centrally of 4 
the ganglion. There was a primary small contraction, then relaxation 
with more or less inhibition, and after-contraction, i.e. if post-ganglionic 
fibres were present, they were too few to modify obviously the results 
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of pre-ganglionic stimulation. In the third experiment the curves gave 
evidence of the presence of both sacral and sympathetic post-ganglionic 
fibres After the injection of ourari, stimulation had the usual initial 
effect, but this was followed by more or less contraction (tone or rhythm) 
during the rest of the stimulation, is. some post-ganglionic sacral fibres 
were present. On ceasing to stimulate there was a slight after-contrac- 

tion followed by prolonged inhibition. An example is given in Fig. 30. 


Fig. 30. Stimulation of pelvic plexus a little past the division of the pelvic nerve 
after injection of 10 c.c. of 1 p.c. curari. Tracing with Hürthle's piston recorder. 
Bl. vol.=50c.c. Pr. om. The inhibition was not obvious before the injection of 
curari, but persisted after an additional 6 0.0. and after 50 mgrs. of nicotine, the | 
initial contraction being diminished. The details of the curves varied considerably. — 


The inhibition had the characters of that produced by stimulation of 
the hypogastric nerves and was no doubt due to the inclusion in the 
nerves stimulated of some such hypogastric branch as that shown in 
Fig. 29. In one or two cases in which the stimulation was prolonged 
for 60 secs., there was no after-contraction, this apparently being over- 
powered by the inhibition which had then set in. The injection of 
nicotine only altered the curves by abolishing the initial contraction. 
Ik̃t has seemed to me that the posterior branches of the pelvic nerve 
which make their way to the bladder along the urethra, usually contain 
a few hypogastric fibres and a few post-ganglionic sacral fibres. 

In investigating the more peripheral branches the procedure has 
varied somewhat. The most convenient way of dealing with the results 
will be to pick out the main features of some of the experiments. | 

I may first mention that when the bladder is exposed under warm 
— ä — nerve branch can be seen to 
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oonsiderably longer) after death. 
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cause strong local contraction. On stimulating adjoining post-ganglionic 
strands there is more or less overlapping of the contraction areas. The 
post-ganglionic fibres cause contraction for half-an-hour (and probably 


Fig. 81. See text. Bl. vol. 0 6.0. Pr.=7 em. It will be noted that stimulation of 
the pre- ganglionio branches with a stronger current (c=6 instead of c=8) caused 
greater primary contraction and less after-contraction. 


Fig. 82. Stimulation of two branches of the pelvic nerve outside the bladder a before, 
b and e after injection of curari and nicotine (see text). Pr.=7 om. The latent 
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(a) Cat 8 Stimulation of the 2nd and 3rd (anterior) pelvic 
1 1} cm. from the bladder for 5 to 10 secs. caused expulsion of 
10-15 d. of fluid. Similar stimulation of a post-ganglionic branch in 
the bladder near the lateral ligament caused contraction of about the 
same extent. After injection of 5 c.. 1 p. curari, stimulation of the 
pre-ganglionic branches of the pelvic nerve for 15 secs, with the same 
strength of current as before caused expulsion of only about 2c.c. of 
fluid during the stimulation, and of about the same amount after it 
(Fig. 31), whilst stimulation of the post-ganglionic branch caused as 
strong a contraction as before; the rate of relaxation was a little 

‘faster, There was very little indication of the presence of inhibitory 
fibres in any of the curves obtained. In Fig. 31 the fall after the first 
stimulation of the pre-ganglionic fibres was only the continuation of 
the relaxation from an immediately preceding contraction caused by a 
_ stimulus applied to the post-ganglionic branch. i | 
(6) This experiment was also made on a 8 cat. Stimule- 
tion for 10 secs, of the 2nd and 3rd (anterior) branches of the pelvic 
nerve II em. from the bladder caused contraction (about 83 c. c.) and 
slight after inhibition (Fig. 32a). Stimulation of a small post- ganglionic 
branch medio-ventral of the lateral ligament caused a somewhat less 
contraction (Fig. 83 a). The injection of 20.0. 1 p.c. curari reduced the 


After injection of an ad- 
‘ditional 2 0.0. of 1 p.c. curari, 
and of 20 mgrs. of nicotine, 9 
stimulation of the pre-gan- 
_ glionic branches for 20 secs. 
with the same strength of 
stimulus caused a small con- 
traction and a small after- 
contraction (Fig. 32 5) 
With a stronger stimulus, 
both contraction and after- 
contraction were greater 
(Fig. 32 c). Stimulation of | 
— Fig. 88. Stimulation of post-ganglionie nerve 
: . on the bladder, a before, ö after injection of 
effect as before (Fig. 880) and nicotine. From the same Exp. 


In this experiment there as Fig, 82 (see text). 
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was always contraction during the stimulation of the branches outside 


the bladder, though the latent period was two or three seconds longer 
after nicotine had been injected. This may reasonably’ be attributed to 
the presence of a few post-ganglionic fibres. : 

(c) Ak and paraldehyde used as anesthetics. Second and third 
(anterior) branches of pelvic nerve tied and cut at their origin, dissected 
up to the bladder and for a short distance on it past the first group of 
ganglia (the lateral branches from the ganglia being cut), so that the 
nerves could be stimulated on either side of the ganglia. | 

Stimulation of the nerves at any part of their course caused a good 


contraction in a rather small area of the bladder, causing expulsion of 


about 74 cc. 
The ganglia were then 3 with nicotine, which caused 


contraction (5c.c.). Stimulation at the cut end caused a slight con- 


traction (24 ¢.c.) and a slight after-contraction (Fig. 34a). After 


Fig. 84. a. of ulctine to 


the first ganglia in their course. 
b. Similar stimulation after injection of 10 mers. of nicotine. BI. vol. about 
58 cc. Pr.=126 om. 


0. Stimlaton of branch after of adiional 


nicotine and of 10 mgrs. of atropine sulp 


no effect during the stimulation, but still caused after-contraction 
(Fig. 34 5) Stimulation peripherally of the ganglia cowed pee 
contraction. 

Here then the nerve branches had no post-ganglionic fibres near 
their origin, the local application of nicotine to the ‘first ganglia on 


their course stopped the immediate effect of most of the pre- ganglionie 
_ fibres and allowed after-contraction to appear; the injection of nicotine 


affected the more peripheral nerve celle, and — ve 1 
after · ontraotion only. 
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‘>. A-small post-ganglionic branch was next: dissected: out, it caused a 
small contraction without after-contraction. The injection of 10 mgrs. 
of atropine produced no certain change in the effect of stimulating this 
but the relaxation was usually quicker 5 one of the curves obtained i is 
given in Fig. 34%/½7ꝶ 06⸗.n 

(d) A. C.. and urethane used as anvesthetics. Bladder exposed ‘el 
lower part of animal in Ringer's fluid at 39°-40° C. After injection of 
35 mgrs. of nicotine, stimulation of two branches of the pelvic nerve 
near their origin caused slight contraction only during the stimulation 
and contraction. after it (Fig. 35 a). Stimulation of a post-ganglionic 
branch near the lateral ligament caused much the same contraction 
Fig. 35 ö) as it had caused before: the nicotine was injected. After 


injection of 10 mgrs. of atropine it caused a similar though somewhat 
smaller contraction (Fig. 35 0 


Fig. 85. 4. Stimulation of two branches of the pélvie nerve near their origin after 
injection of 85 mgrs. nicotine. Bl. vol.=40 c.c. Pr.=8 om. 


b. Stimulation of a post-ganglionic branch after injection of 35 mgrs. of nicotine. 
Bl. vol. 45 c. o. 


0. Stimalation of post-ganglionic branch after injection of 85 mgr. of nicotine 
and 10 mgrs. of atropine sulp, Bl. vol, =58 0. 1 


From these and other similar experiments the conclusions may be 
dense that as long as there are nerve oells between the point at which 
a nerve branch is stimulated and the bladder, so long will after- 
contraction be obtained when curari or nicotine has been injected; — 
that no after-contraction is obtained in any case by stimulating pure 
post-ganglionic fibres; that curari and nicotine do not alter the result 
of stimulating post-ganglionic fibres, and that 1255 
result but ve * alter its character. 
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The absence of after-contraction on stimulating post-ganglionic 
nerves cannot, I think, be reasonably attributed to an admixture of 
inhibitory sympathetic fibres. It is true that in all probability a few 
such fibres are commonly present, this was indicated in one or two 
experiments by a slight fall below the original level. It is true also 
that normally the inhibitory action of the hypogastric nerve continues 


after the end of the stimulus. But if the inhibitory effect was sufficient 


to stop the abrupt change occurring in an after-contraction it would be 


sufficient to cause a more rapid relaxation when this abrupt change was 


over, and this does not occur (cp. especially the curves of Figs. 32, 33). 
Moreover we have seen that on stimulating pre-ganglionic strands 
containing inhibitory fibres, the after-contraction is not — 
(cp. Fig. 30 

The after-contraction i is relatively less, and is relatively less prolonged 
on stimulating the branches of the pelvie nerve than on stimulating 
the pelvic nerve itself or the sacral nerves. The difference is, I think, 
due partly to a diminished irritability of the nerve cells consequent on 
exposure and diminished blood supply, for we have seen that on fatigue 
from frequent stimulation the sacral nerves give but a weak and brief 
after-contraction, and partly to the local character of the contraction. 


The uncontracted portion of the bladder slowly gives way to the slightly 


increased pressure, and e0 tends to annul the effect of continued local 
contraction. 

I have not in any case obtained distinct inhibition during e 
of a branch of the pelvic nerve after nicotine, this I attribute to the 


presence of a few post-ganglionic fibres in the branch. In the cases in 
which post-ganglioni¢ fibres were few or absent (op. Figs 34, 35) 1 


Errror oF INDUCTION CURRENTS OF SLOW 


The effect of varying the rate of stimulation I have not systematic- 
ally investigated. But I was led to make two experiments partly 
because shocks of slow rhythm have been used as a means of detecting 
vaso-dilator in the presence of vaso-motor fibres, and partly because of 
Keith Lucas’ recent explanation of Wedensky inhibition, one main 
factor of which is that stimuli of certain frequency set up nervous 
impulses of sub-normal dimensions. Oue experiment I may briefly 


describe. A vibrating spring was placed in the primary circuit, graduated 
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24, 5, 10, ot 90 donble vibrations « second es required. 
Complete emptying of the bladder was obtained by stimulating the 
2nd sacral nerve for 30 secs. with each rate of stimulus, the shocks being 
distinctly. felt on the tongue but not: strongly. The curves were of the 
normal form and there was no variation indicating inhibition. Complete 
tetanus of the muscles of the tail was not obtained with 20 D. v. a sec. 
until the muscles had been fatigued; with 5 D. v. the tail had a wide 
rhythmic swing (apparently much slower than the nominal rate of 
stimulation). Twenty milligrams of nicotine were then injected. All 
rates of stimulation caused inhibition followed by more or less contraction 
during the stimulation and on cessation of the stimulus by after- 
contraction. The duration and amount of the inhibition was apparently 

increased by increasing the rate of stimulation. Fig. 36 u shows the 
effect of 5 D. v. a sec. 


Fig. 56. Sacral nerves cut. Nicotine injected. Stimalation of the nd sacrals with K 
induction shocks of slow rhythm. See text. : 


Thirty milligrams of nicotine were then injected. This decreased 
the escape from inhibition during stimulation and the height of the 
after-contraction. (Only the effect of 24 D. v. a sec. was tried after the 
injection.) The effect of stimulating with 23 D. v. a sec. is shown in 
Fig. 36 ö. It will be seen that it caused during the stimulation initial 
inhibition followed by irregular small contractions, the irregularity may 
have been due to inequalities in the successive shocks. 

Two milligrams of atropine were finally injected. After this, stimu- 
lation caused a very slight shallow contraction only (type of Fig. 24 a), 
followed by a similar after-contraction with the higher rate of stimulation. 
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PHENOMENA IN- OTHER, ‘TISSUES. 


A ‘indies of observers? have found that stimulation of the niga 
3 may cause accelération of the heart instead of inhibition. The conditions 


in which the change has been found have varied, but Boehm“ observed 
it in the cat at a certain stage of ourari poisoning. It was generally 


considered to prove the presence of a few ‘accelerator fibres, but after 
Gaskell had shown that sympathetic accelerator fibres pass to the 
Vagus in the frog, there was reasonable doubt whether the vagus 
acceleration in the mammal might not be due bo sympathetic fibres. 
Dale, Laidlaw, and Symons? have téecently shown that after 
injection of a small amount of curari or nicotine, stimulation of the 
vagus in the cat causes not only acceleration during the stimulation 
but also slowing of the heart after the stimulation. The change in 
action is, as they suggest from a comparison of their results with those 
given in my preliminary communication, of the same general nature as 


that which occurs in the bladder. The resemblance is so close that any 


explanation that holds for the one almost certainly holds for the other. 


They show that the acceleration is not due to accelerator sympathetic 
fibres passing to the vagus. They traced the accelerator fibres upwards 
centrally of the ganglion of the trunk, but they did not investigate the 
nerve roots. Since the vesical nerve fibres which correspond to these 
arise from the spinal cord we may conclude that the . — . 


_ accelerate the heart arise from the spinal bulb. 

. Dale and his co-workers do not take a decided view as to the cause 
in u the change of response, but they think the most probable theory is 
that accelerator fibres are present, the nerve cells on the course of these 
being less affected by curari and by nicotine than are the nerve cells on 
3 the course of the inhibitory fibres. They suppose that in the changed 
state of the inhibitory nerve cella, the inhibitory impulses are weaker 
| but more prolonged and that the accelerator impulses are stronger but 
quickly cease on cessation of the stimulus They discuss also the 
theory that the normally inhibitory fibres change their action when ‘the 
post-ganglionic neurones are in a state of excitation, and by interference 


abolish the excitation. The objections they find to this are that the 


of heart beat may be greater at the end of one or more stimuli 
a before stimulation, and that the acceleration may be e by 
1 op. Schiff. Pfliiger’s Arch, p. 200, 1878. 


Boehm. Arch, J. Bap. Path. u. Pharm. rv. p. 861. 106. 
This Journal, x11. p. 1. 
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brief inhibition. The former reason seems to me inconclusive since the 
post- ganglionie neurone might be in a state of slight excitation before 
thé stimulus is applied. I shall consider these _ other hypotheses 
= discussing the results of this Pape. 

Since both the inhibitory fibres for the heart ie the anal vesico- 
| e fibres belong to the oro-anal autondmic system’ it was natural to 
look in the first place to the same system for other examples of changed 
response after administration of nicotine, and since in the bladder the 
after-effect is on the whole the most striking effect it wag also natural 
to congider the cases in which a strong after-action is known to occur. — 
In the oro-anal system there are several instances of marked after- _ 

action. Stimulation of the sacral nerves in the rabbit“ causes inhibition 

of the anal sphincter with or without an initial-contraction, and on 
- ceasing to stimulate there is strong contraction. This however occurs 
normally, Stimulation of the vagus in the rabbit after curari and 
atropine have been administered causes inhibition of the. cardiac 


also occur normally. Both results have been taken as showing that the 
nerves contain a mixture of motor and inhibitory fibres, and pending 
further observations they support the similar Bypothesis | in — 
of the phenomena in the bladder and heart. 2 

A strong after-action. of a somewhat different character occurs in 
the salivary glands of the dog on stimulating the chorda tympani at a 
certain stage of nicotine poisoning’. There is a long latent period 
with a stimulus lasting 15 to 20 seconds there may be no secretion— 
then the secretion begins, becomes fast, and goes on for several minutes 
‘after the stimulation has ceased. In the experiments on the effect of 
curari in the cat referred to above (footnote, p. 150), 1 occasionally 
observed a slight secretion of saliva, or a slight increase of secretion, on 
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This Journal, xvm. p. 88. 

Langley. This Journal, xxm. p. 412. 1898. 
This p. 147. / . 
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and nicotine I have 
see whether, after the injection of nicotine, a protracted after-secretion 
is caused in the cat by stimulating the chorda tympani and whether 
the after-secretion which occurs in the dog would be decreased by 
renewed stimulation. In the cat, 15 to 2cc. of 1 p.c. curari did not 
appreciably alter the normal course of secretion on stimulating the 


chorda tympani, it only decreased the amount of saliva. A subsequent 


injection of 5 mgrs. of nicotine nearly paralysed the chorda tympani, 
but slight indications of an initial secretion, of an after-secretion, and of 
inhibition were obtained. The secretion was measured by noting the 
millimetres of flow in a narrow tube during each 10 secs. Two observa- 
tions may be given, the first made a few minutes after the injection 
of nicotine, the second about 15 mins. later. During the secretion of 


the saliva 


was stimulated. 3 

(1) ,0.8.1.0.0.0.0.1.1.0.1.0. 
(2) 0.0.8.8.9.1.9.8.5.9.8.8.2.5.9.8.10.4.6.5.5.9.10.7.7,6.5.6.4.4 
(18 mm. in 8 mins. then ceases.) : 


The secretion was very slight (200 mm. = 1 d.), but e with 
rather less nicotine more marked effects may be obtained. 
The injection of an additional 5 mgrs. of nicotine completely 


paralysed the secretory fibres of the chorda tympani. If inhibitory 
fibres are present, these need not necessarily be paralysed at the same 


time as the motor fibres. To test this a couple of drops of pilocarpine 


nitrate was forced into the duct and the chorda stimulated during the 


slow secretion caused by it. At first there was no effect during the 
secretion but an increase after it. This I think was probably due to 


nerve cells. 


(8) 8.5.4.8... 8.8. 10. 12. 12. 1.11.11. 12.12. 18. 18. 12. 1.11. il. 


8.9.9. 10,988 


Later the of fw wat confined to th beginning of the 
period of stimulation. 


® 1. 1. 14. 2. 


There was then no indication of inhibition of the pilocarpine 


secretion. 
I have made also one experiment in the dog (11} kilos, morphia, 


| 4. dk and urethane), 5 c of 1 p curari greatly reduced the effect of 
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the chorda tynipani, and the secretion slackened after about 20 secs. 
stimulation; on ceasing to stimulate, the secretion gradually stopped in 
the normal way. The injection of 80 mgrs. of nicotine completely 
paralysed the chorda tympani for 4 short time; there was then trifling 
recovery which remained about the same for an hour. The usual 
result was that the first stimulation (30 to 60 secs.) had no effect, the 
second and subsequent ones caused a very slight secretion greatest in 
the first 10 to 20 secs. and then fairly constant and going on for 3 to 5 
minutes; once or twice only was there a slight increase on ceasing to 
_ stimulate... A drop ot two of 1 pee. pilocarpine was then injected into 
the duct, causing a moderate, steady flow of saliva from the gland. 
Stimulation of the chorda tympani had no inhibitory action on this 
flow, usually the only effect was a very trifling increase in the first 
10 to 20 secs. of stimulation. It is clear that in this experiment the 
characteristics of the action of curari and nicotine on the heart and 
bladder were not produced in the salivary glands. Whether other 
results would be obtained in an earlier state of nicotine poisoning 
remains for further experiments to decide. | | 
"Further I have made two experiments on the sacral autonomic fibres 
of the rectum. One was by the graphic method, a balloon being placed in 
the rectum and connected with the apparatus described above for use 
with the bladder. The results were not the same as in the bladder 
though there were points of resemblance. After injection of nicotine 
brief stimulation had usually no effect, but on longer stimulation con- 
traction occurred which generally lasted a considerable time. The 
latent period was usually 10 to 15 secs. Usually no after-contraction 
was obtained except when the duration of the stimuli was not much 
less than that of the latent period. Usually too, stimulation during a 
contraction did not cause inhibition; once or twice an initial fall in 
the curve and an after-contraction was obtained, but without further 
experiments no great stress can be laid on these results. It is to be 
noted that the second and third injection of nicotine caused relaxation 
(the effect of the first was not observed) indicating that the majority of 
the nerve cells were inhibitory. The nerves were not completely 
paralysed by 50 mgrs. of nicotine. The contraction after nicotine was 
apparently chiefly of the circular coat. | 
In the sympathetic system analogous results are very sparse. Dale, 
Laidlaw and Symons’ describe a very slight similar effect on the 
cats pupil after painting the superior cervical ganglion with nicotine, 
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and they snjggent that the action of ergotoxine on the sympathetic 


described by Dale* resembles that of nicotine on the vagus. In a 
former Paper* I have mentioned that in the dog after the injection of 
nicotine, stimulation of pre-ganglionic pilomotor fibres causes erection 


of hairs only after a very long latent period, and that the hairs remain 
erect long after the stimulus has ceased. In the dog the paralysis of 
pre-ganglionic sympathetic nerve fibres by nicotine is very imperfect, 


and the occurrence of a long latent period and of a protracted after- 
ee seems to me to be associated with such incomplete paralysis. 
In the central nervous system a number of phenomena are known 


which present analogies with the changed response of the heart and 


bladder; these need not be described here, but it may be pointed out 
that the ‘reflex rebound’ described by Sherrington and others 
‘resembles in 80 many respects the after-contraction obtained in the 

bladder ~~ it is — to believe that its causation is 278 5 


"SUMMARY OF GHIEF RESULTS AND REMARKS 


‘Deis have been taken of variations in the internal volume of the 
bladder by a method modified from those in previous use. . Stimulation. 
of the sacral nerves which contain vesico-motor fibres cause, as is 


known; strong contraction of the bladder. If the stimulus is brief, 


relaxation soon sets in; if the stimulus is prolonged, relaxation after 
the end of the stimulus sets in more slowly. After brief stimulation 
the relaxation is usually regular, slower towards the end and does not 


exceed the contraction, at times after partial relaxation there is a 
second slow contraction giving a curve with a more rounded top. 1 
clear evidence of the presence of inhibitory fibres was obtained in the 


normal condition. The contraction is considerably weakened by atropine 
but the form of the curve is not markedly altered. 


After injection of 1°5 to 2 0. C. of 1 p. e. curari the extent and 
of the contraction produced by the sacral nerves is diminished; the 


relaxation is however not complete during the stimulation (30 or more 


seconds) but gives way to more or less contraction, which increases 


when the stimulus céases and then subsides relatively slowly. 


is small, it passes off during the stimulus, and may be followed by 
slight inhibition, the after-contraction is relatively large. If the stimu- 


e up for more than 20 to 30 seconds there is 25 2 


1 Dale. This Journal, Xxxrv. p. 168. 1906. 
2 Langley. This Journal, XX. p. 243 (Footnote). 1896. 
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After injection of 4 to 5c.c. of 1 p. curari, the initial contraction = 
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NERVE FIBRES o BLADDER. 
the 18 stimulations a slow contraction following the relaxation or 


inhibition; on beasing to ‘stimulate there is a relatively large after - 


contraction: which only slowly passes off. Stimulation during the 
after-contraction causes as before a slight initial contraction and more 
or less marked inhibition; on céasing to stimulate there is again after- 


contraction. The . treten may consist of a quicker small first 


part, and of a larger, slower and more prolonged second part; in ee 
the second part is much more reduced than the first part. 
Similar effects are produced by a small dose of nicotine. A énfficient 
dose of nicotine abolishes the initial contraction, the other features of 
the curve being but little altered, except that there is rarely a distinction 
of two parts in the aftér-contraction: : Thus the — — of stimulating 
the sacral nerves is inhibition. 
The after-contraction increases with increase in 1 8 of the 
stimulus up to about half. a- minute. Repeated stimulation, at intervals 
of a few minutes, greatly reduces the after - oontraction. Stimulation of 
one pair of sacral nerves greatly reduces the effect of the others. The 
duration of the inhibition is favoured by repeated stimulation and to 
some extent by a state of after-contraction. Large amounts of nicotine 
reduce but do not abolish these effects. The effects can be — by ; 
indaction shocks of slow rhythm to 5 a second. 
The nerve fibres which cause the inhibition and after-oontraction ) 


8 bass the spinal cord in the anterior roots of the sacral nerves. 


Nicotine stimulates the peripheral nerve cells. A given 8 


oeeurari prevents the stimulating effect of à given amount of nicotine but 


not of a larger amount. There is then a mutual antagonism between 


the two poisons and both act on the peripheral nerve cells. 


When the changed response has been produced and the tone of the 
bladder is increased by pilocarpine, of the 
causes partial inhibition of the tone. 

When the changed response has been dace the Mien sf 4 


small amount of atropine changes it once more. On stimulating the 


sacral nerves there is an initial contraction in place of inhibition and 
the after-contraction is greatly reduced. The after - oontraction appears 
to require a stimulus lasting more than 2-3 secs, to be produced, and it 


inerenasss with the duration of the stimulus up to about half. a - minute 
to a minute. On repeated stimulation at intervals of a few minutes, 


the after-contraction but not the initial contraction disappears. On 
repeated brief stimulation at intervals of a few seconds, the con- 
tractions are at first summated, then get quicker and weaker, and the 
curve falls, A very small amount of atropine (J a mgr.)—may 
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produce the change; subsequent large amount (10 to 80 mgrs.) has 


some further efféct, but it is relatively slight. Stimulation during an 


after-contraction causes inhibition when the initial contraction: ~ | 


passed off 
When curari or nicotine has been injected, stimblation of any Wand 


of the pelvic ‘plexus which has pre- ganglionio fibres causes after- 
contraction. Stimulation of a branch on the bladder which contains 


only post-ganglionic fibres causes a normal contraction with no after- 


contraction. The contraction caused by stimulating the post-ganglionic — 


fibres may perhaps be reduced by atropine, but is not altered in form. 
A slight similar change in response was obtained in the chorda 
tympani of the cat, but there was no ee of ~~ een 


nicotine? produce their effects by an action on the peripheral nerve cells. 
The action on the peripheral nerve cells may be of several n it 
will be sufficient here to consider two. | 
(I) There is evidence that different nerve cells and even eer 10 


the same ganglion may be unequally paralysed by nicotine*.. This gives ) 


a basis for the theory that both motor and inhibitory fibres are present 


and that nicotine paralyses the nerve cells on the course of the motor 


nerve fibres more than it does those on the course of the inhibitory 


nerve fibres. By inhibitory nerve fibres in the autonomic system I a c 


mean fibres which cause inhibition whether stimulated in their 3 8 
ganglionic or in their post-ganglionic course. 


But the theory of the presence of inhibitory nerve 8 itself 


at any rate affords no satisfactory explanation of the phenomena. 


On this theory the phenomena in the successive stages of nicotine 
poisoning are due to a progressive blocking of the motor nerve impulses — 


in their passage through the nerve cells so that they are less and less 


able to overcome in the bladder the unaffected or but little affected 


inhibitory nerve impulses. In order to account for the phenomena two 
hypotheses are required, first that the inhibitory nerve impulses take 
considerably longer to produce their full effect than do the motor nerve 


impulses, for if they did not there would be no initial contraction, and | 


secondly that when the stimulus ceases, the inhibitory impulses stop 


almost instantaneously, for after-contraction follows promptly at the 


peak of ony the phenome 
produced by curari are essentially the same. 


Langley and Dickinson. ‘This Journal, xi. 5. 600. 1800.0 
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end of the stimulus. If the inhibitory fibres acted in this way it is 
difficult to see that they would be anything but a hindrance to the 


normal working of the bladder unless indeed we suppose that there is 


coordination in the spinal cord so that inhibitory impulses are only 
discharged after the motor ones, and the reflex bladder contraction gives 


no evidence of this. A sudden cessation of inhibitory effect seems 


unlikely since when any of the autonomic inhibitory nerves are stimu- 


‘lated—chorda tympani, cardiac vagus, nervus erigens, splanchnic—the 


effect is more or less prolonged after the stimulus has ceased, in favour- 


able circumstances this is also seen on stimulating the sympathetic 


inhibitory fibres to the bladder. Hence it seems to me more probable 


that the after-contraction is due to an outburst of new impulses from 


existing. 


The smaller after-contraction which occurs when 3 has been 
given after nicotine might not unnaturally be referred to a paralysis 
of the post-ganglionic motor fibres on the analogy of certain other 
paralysing actions of atropine on fibres of the oro-anal system, but for 


the small quantity of atropine—} a milligram—which may suffice, and 


for the fact that, so far as my experiments go, atropine does not much 
reduce the effect of electrical stimulation of the post-ganglionic nerves. 
The latter fact might be accounted for by the supposition that the 
impulses causing after-contraction are sub-normal in strength. It is 
conceivable that sub-normal stimuli would be greatly decreased in 
effect by a decrease of irritability of the end organ which would not 
reduce the effect of stronger impulses set up by electrical excitation. 
But if the ‘all or none’ theory applies to the stimulation of nerve 
fibres by nerve cells, the impulses could not be weaker than those set 


up by electrical excitation. It is possible theoretically that the relative 


weakness of the after-contraction should be caused by the impulses 


being fewer, for some of the motor cells may be completely paralysed — 
when the paralysis of others is incomplete. If however the impulses, 
though passing by fewer post-ganglionic fibres, are normal in intensity, 


there seems no reason why so small a dose of atropine should have so 
great an effect on them. 
Further, supposing that atropine given after nicotine does diminish 


the after-contraction by causing paresis of the post-ganglionic fibres, 


how are we to explain the fact that brief stimulation of the sacral 


nerves causes contraction (the initial contraction) although before 


atropine ig given it causes none? 
‘Ths foregoing considerations show think thatthe theory ofthe 
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presence of inhibitory fibres is insufficient in itself to account for the 
phenomena, and they raise a — it is to 5 


5 they are present at all. 
(2) Another view which melt for the of nicotine 


and curari on nerve cells is that the properties of the nerve cells are 


altered so that they respond to normal impulses.in an ‘abnormal way 
(cp. Dale, Laidlaw and Symonds, supra, p. 172). It is obvious from 
the phenomena that fatigue dominates the situation. Repetition of 


stimuli causes changes with a rapidity to. the — 


behaviour of the bladder. 

I be initial contraction caused by stimulative: ‘of. the sie): nérves 
after curari or a small dose of nicotine obviously resembles the initial 
contraction’ of striated muscle at a certain stage of curari and nicotine 


poisoning. The initial contraction after curari has I believe been long 


known; that after nicotine was described by Dickinson and myself“, 
and both more recently have ‘been further investigated by Hofmann’. 


Originally the phenomenon in muscle was considered to be due to the 
fatigue of the nerve ending. I have given reason to believe that the 
function attributed to the nerve endings are functions of a constituent 
of the cell in which they end. The oonstituent of the cell I have spoken 
of as the receptive substance, so that I attribute the short duration of 


the initial contraction to a fatigue of the receptive * an 
successive stimuli’ keeping. down. its irritability. 


In fatigue: the threshold of stimulation is increased, the slow 


contraction which occurs at a certain stage of nicotine poisoning is 
probably the expression of two different effects of. nerve. stimulation, 
viz, on the one hand the decrease in irritability of the receptive 


substance, on the other of increase.in the intensity of the stimulus, such 
as might be — on Nernst: 8 er by.a 8 85 accumulation of 


ions. 


there is no contraction during the stimulation. 
he after-contraction, presents greater difficulties. 1 bave said, 
I consider that this is due to an outburst of nerve impulses from the 


nerve cells after the stimulus has ceased. ‘There are two cases @ when : 


bac is an initial contraction, (b) when there is none. 
(a) On the hypothesis given above, when there is an initial 
contraction, the irritability . of: the receptive substance is bent from 


1 Langley and Dickinson. ‘This Journal, x1. p. 88. 1890. : 


When, in in consequence of the farther sation of nicotine, or asl e 
stimulation, the irritability of the receptive substance is farther reduced, 9 
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rising by the successive stimuli. On cessation of the stimuli, the 
irritability can recover, and other stimuli will be enabled to act. But 
if the stimuli are of the same nature as those set up by electrical 
excitation of the nerve, they should have the same effect, viz. a brief 
initial contraction. The first part of the after-contraction looks in fact 
like the first part of the initial contraction, but instead of this passing 


3 - there is a second larger and very protracted contraction. 


(6) When there is no initial contraction, the irritability of the 


| * substance is still further reduced, and it may be reduced to 
such an extent that it is not affected by the maximal change set up 


during nerve stimulation. In this case the receptive substance should 
remain unexcitable after the. nerve stimulation has ceased, and we 
should not expect that any further stimuli should affect it. In fact on 
ceasing to stimulate there is a considerable after-contraction. 

These considerations seem to show that the mechanism of normal 
stimulation by nerve excitation is different from that which occurs in 


an after- contraction, except perhaps as regards the first part of the 


after - oontraction in the early stage of nicotine poisoning. On the 


theory that during nerve stimulation there is a passage of ions to a 


membrane in the cell, we might suppose that normally it is the passage 


of ions to the membrane which is the effective condition for stimulation, 


and that in the altered state of the receptive substance, it is the passage 


of ions from the membrane which is the effective condition, and this 
opens the question whether the substance acted on is the same in each 


case, or whether in one case the receptive substance and in the other 


the fundamental substance of the cell is acted on. 


On the hypothesis that it is passage of ions from the 3 


which conditions stimulation in an after-contraction, the inhibition of 


the after-contraction would naturally follow on renewed stimulation 


though the partial nature of the inhibition presents some difficulties’. 


But this hypothesis of the nature of the inhibition seems to demand 
that pilocarpine and atropine affect the nerve cells as well as the 


: peripheral tissue and there is at present no independent evidence of 


this. It is possible that the question may be settled by applying 


pilocarpins and atropine locally to the nerve cells, but until it is settled 
I do not think any final conclusions can be drawn as: to the cause of the 
various phenomena described in this 


1 he partial contraction saguerts an inhbitiog in the nary el that which 
in eecthin eiclated missles, bat this explanation of the inhibition seems 
to be put out of court by the absence of kathodic effect during the first stimulation. 
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FURTHER: OBSERVATIONS ON THE ACTION: OF 


AIMINAZOLYLETHYLAMINE. Br E. H. DALE unn 
P. P. LAIDLAW. 


the Wellcome Physiological Research Laboratories, 
i Herne Hill.) 


In communieasion? we described the features of the 


action of 8-Iminazolylethylamine. We have now to describe and discuss 


certain additional and — observations. 
5 I. Further observations concerning the action on the 
blood-pressure. 


In our previous paper we showed that g- I. produces a 18 5 


fall of systemic arterial pressure in the dog and cat, a vaso-constrictor 
rise in the rabbit and guinea-pig, when its action is uncomplicated by 


respiratory effects. We showed, on the other hand, that the flow 
through an isolated perfused organ of the cat or dog suffered an 
immediate and marked diminution when a small dose of the base was 
added to the defibrinated blood, diluted with Ringer's solution, which 


served as perfusion fluid. The anomaly was left unexplained and it 


seemed of interest to examine the matter further in several directions. 


The action on other species. It seemed possible that the action on 


| the blood-pressure of yet other species might throw some light on the 
problem. The mammalian carnivora are the only animals in which, up _ 

to the present, a vaso-dilator action of sympathetic nerves and of 

adrenine has been observed after injection of ergotoxine. We find, 


however, that the monkey and the fowl respond to intravenous injection 


of B. I. with typical vaso-dilator depressor effects. Fig. 1 shows the 


* « 


wo 


| 
+ * 
i 
4 
* 
* ¥ 
* 
‘ 
744 
« 
; 
i 
s 
— 
Zig 
— 
x 
We 
8 
A. 
— —— 
7 
2 
a 
7 
45 
25 
8 
* 


a maéaque anesthetised with A. 0. k. mixture. In a fowl under ether 
the carotid pressure fell from 130 mm. to 54 mm. on injection of 
0:5 mgm. 8. J. into the jugular vein (Fig, 2). The vaso-dilator effect 
is, therefore, by no means peculiar to the carnivora and there is no 
ground for attributing it to selective stimulation of.the sympathetic 
vaso-dilators which appear to be characteristically present in that order. 


In the frog, with pithed brain, the arterial pressure, recorded by 
‘inserting a cannula into one aortic arch, underwent a small but definite 


rise when 0°1 mgm. A-I. was injected into the anterior abdominal vein, 
the heart-beat being simultaneously strengthened. A control injection 
of saline produced no effect. peas | 


4 Fig. 1. Monkey. Lon. Arm volume and blood-pressure. Effect of 0-5 mgm. f. I. * 


y 
. 


— 


Fig. 4 Fowl. Ether. Blood-presoure. Effect of 05 mgm. 6-1. 
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Bron) the facts available! there seems ‘no possibility of predicting, 


in the base of an animal of an untried order, whether the effect of the 
base will be pressor or depressor. The action in the magaque may be 


regarded as establishing a but no - the | 


Gili ‘of the contrast alleged by us between the actions of the 


base, under conditions of natural circulation and of artificial perfusion — 


respectively, that the methods of observation were different in the two 


cases, and that neither the plethysmograph nor the record of venous 


outflow alone can distinguish the effect of venous obstruction from that 
of arterial dilatation in the one case, or arterial constriction in the other. 
In the case of the natural circulation the association of increased cardiac 


output and rise of pulmonary, with the fall of systemic arterial pressure 
and expansion of limb or bowel, seems decisive in favour of arterial . 


dilatation. We have to examine the possibility that the diminution 
of venous outflow from the perfused organ may be due to obstruction 


on the venous instead of the arterial side of the capillary area. The 


mechanism of such an action is, indeed, difficult to conceive, and it is 


easily excluded by recording the volume of the. perfused organ simul- 


taneously with the outflow from it. The hind-limbs of a pithed cat 
were perfused in the ordinary manner with the animal’s own blood, 


defibrinated and diluted with an equal volume of Ringer's solution. 
One leg was enclosed in a cylindrical glass plethysmograph, made 
air-tight with cotton-wool and vaseline, and connected to a Brodies 


bellows. A second bellows recorded the balance between the venous 
outflow and the lift of the perfusion pump (Brodie and Dixon’s' method). 
Addition of 6-1 mgm. g- I. to the fluid near the arterial cannula produced, 
as usual, a marked diminution of venous outflow, which was accompanied 


by diminution in volume of the leg in the plethysmograph (Fig. 3) 


The discrepancy is, therefore, a real one, and two possible explanations 


of the vaso-dilator effect of the base when injected into certain species 
have to be considered. 


(a) It may be due to a vaso-dilator substance Liberated as 


a result of the injection, the direct effect of the base being vaso- 


constriction, as seen in other species and in the perfused organ. 


(6) It may be due to action on a nervous mechanism producing 
an antagonistic inhibition, which does not survive the conditions of 


perfusion, — which is non-existent or much less effective i in certain 
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ug 10 The possible liberation of a vaso-dilator substance. There is no 
evidence in favour. of this, but it has been adopted by Popielski? i in 
& criticism of our former paper, and must, therefore, be considered. 
According to Popielski, B-L is one of a series of substances (including 
atropine and morphine) which cause the liberation of the hypothetical 
“ vasodilatin ” when injected: intravenously. The — * 
by Popielski are based on our observations: 


@-L does not produce all the effects of 


neither depriving the blood of the ‘injected animal of — 


nor producing tolerance to further injections of itself; 


e 


(2 that B- I. causes vaso-constriction when perfused dne 


Fig: . Perfused hind-timbs of eat At 


It appears to us that (1) is a sound argument against the 8 


mode of action: a substance acting by liberation of “ vasoililatin:” would 
, presumably ole all its effects, each in its normal relative prominence; 


and there is no obvious reason why an animal should not become tolerant 
of “ vasodilatin ”. with it, is libetated 
or primarily injected. 

The observations a (2) constitute the pas which we are 


Ent ib. J. ‘Physiol. Xxrv. p. 1102, 1910. 
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from Popielski's hypothesis, if there were any evidence that ready- 
formed vasodilatin produced vasodilatation in the perfused organs 


ok carnivore or in the rabbit. That it does not do so is easily proved 


in the case of the perfused organ, in which Witte’s peptone, which may 
be regarded as the classical source of “ vasodilatin,” produces vaso- 
constriction. just as does §-L. (Fig. 4). In the case of the rabbit the 
observation is complicated by the depressant effect on the heart of 
that animal exerted by peptone, which is, of course, a complex mixture 
of comparatively low activity. The result is that doses corresponding 
to those which cause pronounced vaso-dilator fall in the dog and cat 
produce in the rabbit merely an initial rise of arterial pressure, quickly 


neutralised by weakening of the heart, the nett result being practically. 


no alteration of the blood-pressure. Larger doses quickly kill the . 
heart. The important point, however, is that there is no evidence 
of vaso-dilatation produced in the rabbit by peptone, : 


x 


* 


Fig. 4. Perfused small-intestine of eat. At A added 0-1 gm. peptone 

to arterial fluid. 
All the evidence, therefore, is definitely opposed to the explanation 
of our anomaly on the lines suggested by Popielski. On the other 
hand, the action of peptone or other preparations containing vaso- 
dilatin” is obviously a complex of several factors, among which the 
abolition of coagulability has been proved to be secondary and to 
involve circulation through the liver. Possibly some of these prepara- 


tions may produce some of their effects by causing the liberation 


of -L when they are injected : possibly they contain other substances 
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which, though of more complex constitution, contain the chemical 

grouping of 5. L and produce a similar action. However that may be, 

it is not rational to attribute the action of a pure chemical individual, 

| acting in minute doses, to the liberation of an indefinite substance 

5 which, in its most active preparations, produces the same effects mes 
5 with much higher dosage, and other effects in addition. 

ae (b) We suggested in our previous paper the existence of a nervous 

5 mechanism which does not survive perfusion as an explanation of the 

. vaso-dilatation. We pointed out that several observers have attributed 

: the vaso-dilator action of peptone in carnivora to the blocking of tonic 

vaso-constrictor impulses in sympathetic nerves, but that we found that 

the vaso-dilatation produced by 8-Iminazolylethylamine in a fore-limb 

was not immediately affected by extirpation of the corresponding stellate 

ganglion. We have now to add that by extirpating the stellate ganglion 

_  and-allowing sufficient time for the subsequent complete degeneration 

: of the peripheral neurones, the vaso-dilator effect was intensified in the 

corresponding limb, if altered at all. 
A cat was anaesthetised with AC. k. mixture and, with strict 
antiseptic precautions, the right stellate ganglion was removed entire 


| the animal then allowed to recover from the antsthetic. It walked 
1 with ease and freedom after the day following the operation and was 
. kept until the eighth day. As it then showed signs of developing an 
| infectious catarrh, from which other cats on the premises were suffering, 
the final experiment was made, at the end of which the animal was 
killed while still under the anesthetic. The cat was anaesthetised 
with chloroform followed by ether, and arrangements made for re- 
cording the volumes of the two fore-limbs. They were inserted, to as 
nearly equal depths as possible, into cylindrical glass plethysmographs, 
made air-tight with vaseline in the usual way. These were connected 
to two small bellows-recorders of equal size and with levers of equal 
length. The arterial pressure was recorded from the carotid. artery, 
the yagi being cut. Fig. 5 shows the effect of injecting O5 mgm. of 
A-I. into the femoral vein. It will be seen that the increase of volume 


by Anderson’s operation. The wound was sewn up and dressed and 


accompanying the fall of blood-pressure appears distinctly greater on 


the right (operated) side. This may probably be connected with the 
i fact observed that the hairless pads of the right paw, which were 
warmer and pinker in the unanesthetised animal, became, under the 
Loe: influence of the anesthetic, much paler than those of the left paw. 
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pupil’” effect aſter extirpation of the superior cervical ganglion. The 
initial state. of constriction, allowing greater latitude for’ expansion, 


possibly accounts for the whole of the observed difference in the action 


Bis tro imb W. however; to-comlide 


that the degeneration of the peripheral sympathetic neurones at least 


does not interfere-with the vaso-dilator action of 8-I. On the other 


hand, the action cannot be regarded as comparable to that of the 


general. inhibitors of plain-muscle tonus, like the nitrites or tetra- 


hydropapaveroline’, since most plain-muscle is stimulated to intense 


tonus by g. I. under all conditions. The persistence of the effect after 
degeneration of the peripheral sympathetic neurones suggests a similar 


level of action to that of adrenine: 8-1. might be regarded as acting on 


of left forelimb (normal) 


Fig. 8. Oat, Ether, Right stellate gangl | 
on At 4 05 mgm, f. I. intravenously. 


the normal vessel wall as adrenine does on that poisoned by ergotoxine. 
But one would expect it, in that case, to inhibit plain muscle which 


adrenine inhibits, whereas its excitation of tonus in the uterine musele 
of the virgin cat or guinea-pig is one of its most characteristic actions; 
‘moreover, the disappearance of the effect in the perfused organ is 
difficult to reconcile, on this supposition, with the ready demonstration 
of the inhibitor effects of adrenine in excised organs, The fact 


Of Anderson. This Journal, p.166. 1905, © 


‘Dhis Journal; 5. 400 1910s 
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peptone is antagonistic to the vaso-constrictor action of adienine but 


not to that of barium chloride has been regarded by some writers as an 


index of its point of action. A similar antagonism can be observed in 


the case of g. I., the adrenine rise of pressure being much reduced during 


its action but not extinguished (Fig. 6) (cf. Pearce and Eisenbrey’s! 
recent account of anaphylactic shock in the dog). But there is no 
obvious reason for regarding this partial antagonism to adrenine vaso- 
constriction as different from that produced by any other peripheral 


-vaso-dilator. Instances of other plain-muscular organs are available in 


85 Fig. 6. Pithed oat, 1 mgm. 6-1. injected five mins, previously. Effect of injections, 


which an augmentor effect of 8-I. may be antagonistic to an inhibitor 
effect of adrenine (non-pregnant uterus of cat or guinea-pig) and of 
others again in which both bases produce great augmentation of tonus 
(retractor penis of dog). 3 

We must conclude, therefore, that the vaso-dilator effect of §-I. 


in the dog, cat and some other animals, is a primary action, peripheral 


in origin, independent of the integrity of the sympathetic neurones. 

Ite failure to occur in the isolated perfused organ is still unexplained. 
1 Journ. of Infect. Dis. vit. p. 575. 110 
PH. XLII. 13 
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u The effect om the lymph-flow and on coagulability 


 Lympheflow. It seemed of interest to know whether B. L. shared 


with “peptone” and various tissue-extracts the property of causing 
increased flow of lymph from the thoracic duct when injected intra- 
venously. We made two experiments on this point, and observed the 
effect in both cases. The lymph produced under its influence was 
slightly more concentrated than the normal, and clotted readily. The 
action is not very striking, and is, indeed, merely what would be 
expected from the congestion, and presumable rise of capillary pressure 
in the ubdominal viscera. We have not made any attempt, therefore, 


to trace the origin of the increased flow more accurately. The following 


is the record of an experiment : 


Dog. 7 kilos. 1 grain morphia hypodermically. Subsequently 4.c.z. mixture 
throughout the experiment. Tracheotomy. Cannule in right carotid artery and 


femoral vein. Oannuls in the thoracic duct and lymph collected in graduated cylinders, 

changed every 10 mins. 
Time 

12.18—12.26 

1248 120 


9 mgms. -Iminazolylethylamine injected into femoral vein. 


12.58 inks (0.40, returning Abont 10 (apeet before 


| gradually to 110 

„„ 110 40 


on We have stated previously that @-L. injected | 


Blood 

intravenously does not affect the coagulability of the blood. This 
statement was made on the strength of the observation that blood 
taken from an animal after injection of a few milligrammes intravenously 


clotted after a period which was not apparently beyond normal limits. 
A comparison of clotting-times before and after such an injection shows _ 
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was bled again and This kast not 
| hours later 


degrees of which, indeed, it is the most delicate index. This feature of 


| * 192), 21 = effect of a non-fatal dose in the guinea-pig. 


. 2 


a practically quantitative yield of p-hydroxyphenylacetic acid being 
obtained. We made a number of experiments to determine the effect 


1910. 
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“that there is a slight retardation, though the effect is almost negligibly 


‘small compared with the typical“ peptone effect. 
A dog, kept without food on the previous evening, was anmsthetised 


with morphia (1 grain) and A. C. k. mixture. A cannula for injection 
was inserted into the right femoral vein. A clean cannula was inserted 


into the right femoral artery and a sample of about 10 c“. of blood 
drawn, the first few c.c. being rejected. This first showed signs of 
increasing viscosity after 2 mins. and clotted firmly in 3 mins, 35 secs. 
at room temperature. 6 mgms, of g- I. were then injected intravenously, 
2 mins, in all being occupied by the injection. 7 mins. later, and 


‘therefore, at a time when the depressor effect was still almost maximal, 


20 cc. of blood were drawn through a clean cannula from the left 
femoral artery. This sample showed increased viscosity at the end 
of 4 mins., and was not completely clotted till 10 mins, from shedding. 
A fresh cannula was inserted and another sample drawn 8 mins. later. 
This became viscous in 5 and clotted firmly in 10 mins. 5 grms. of 
Witte’s peptone were then injected, and a few minutes later the dog 


Efes on the body temperature. 


It was first pointed out by Pfeiffer and Mita’ that a fall of . 
333 is characteristic of the “ anaphylactic shock,” of the milder 


the anaphylactic reaction is produced by g. I. in a very striking manner. 
We have observed it in the dog and the guinea-pig. In the latter 
animal, with à fatal intraperitoneal dose, the temperature falls oon- 
tinuously till death. It will be sufficient to quote one experiment 


Its fate in the body. 


Laidlaw? showed that was 
destroyed i in the liver by splitting off the amino- group and oxidation, 


on B- L of perfusion through the liver under similar conditions, a dose 
base (as hydrochloride or hydrobromide) being added: to 
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192 + F. H DALE AND P. F LAIDLAW. 
_Full-grown male guinea-pig. Weight 850 gms. Temperature taken in the rectum. 


of base and warmed to body befor injection. 

Time p.m. Time p.m. degrees 
455 9056 
4.6 8 mgms. f. I. in 8 ¢.c. | 5.0 81 

intraperitoneally 80 

5.10 20 
4.16 — 5.15 28-5 
4.20 85°5 5.0 
4.25 84°75 5.30 930 
4.50 34 
4.85 34 5.45 28˙5 

4.40 82 28˙5 

20 


4.45 
„u shook,” the respiration being considerably impeded during the later stages. At 6.20 p.m. 


the respiration seemed to be improving, though the temperature was stationary and the 
animal was deeply narcotised. It was returned to its — 
completely 


recovered, the temperature being again about 88° C. 


perfusion fluid, and the latter tested at intervals for physiological 8 
on the isolated guinea-pig’s uterus. With quite small doses (such as 


10 mgms. to 250 cc. of perfusion fluid) we obtained some evidence of 
its disappearance, but the limit of the destructive power of the liver 


appeared to be reached very quickly. Neither by adding one large 
dose (200 mgms. or more) nor by successive small additions could we 
get evidence of a total destruction amounting to more than about 


10 mgms. This made hopeless any attempt to isolate and identify the 


substance formed from 8-I. The investigation was further complicated 


by the fact that in such experiments there is a danger of confusion, 


owing to the liberation from injured liver-cells, or blood-cells, of 


substances closely resembling Iminazolylethylamine in physiological — 


action. We found, for example, that if the alkalinity of the perfusion 


fluid become lowered beyond a certain point a secondary increase was 


observed in the activity of the perfusion fluid on the isolated uterus. 

A similar difficulty met us in an attempt to follow, by physiological 
methods, the distribution of the base between the surrounding fluid and 
the suspended organ (uterus) at different stages of the action, in 
a manner similar to that of Straub’s experiments with muscarine. 


We found it impossible to form an estimate of the amount of active 
base stored up in the uterine muscle, since normal uterine or other 


plain-muscle when boiled, as for extraction of the base, gives an extract 


o injected in solution of the hydrobromide made up to contain | 
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with powerful activity of the same kind. These active substances are, 
of course, the “depressor substances of various observers, the “ vaso- 
dilatin” of Popielski and his school. Similarly normal urine, and 
conspicuously that of the dog, contains something which acts in 
a similar manner (cf. Pearce’) and probably corresponds to the 


v urohypotensine” of Abelous and Bardier“ The presence of such 


substances not only complicates the physiological recognition of 8-Imin- 
azolylethylamine, but makes its chemical isolation or that of substances 
possibly formed from it in the body a matter of great difficulty. 


We have, for this reason, abandoned for the present any attempt to 


follow its fate in the body and the mode of its excretion. 


Its physiological significance. The action of agmatine. 


We have previously made detailed reference to the similarity of the 


effects of g- J. to those of peptone and of various tissue-extracts and to 
those which constitute the “anaphylactic shock.” In this paper we 


have added further points of similarity, and have shown that even the 


effect on coagulability, which appeared an exception, is not wholly 
absent from the action of 8-I. It is the more necessary that we should 
disclaim a premature assumption that 8-I. is present as such in any 
preparation which gives this complex of effects. Barger and Dale“ 
proved its presence, indeed, in intestinal extracts: but this may well 
be an exceptional case among tissue extracts, since it cannot be doubted 
that 8-L. is formed in the intestine, or that it may be taken up into the 
cells of the mucosa. Popielski“ has quite justly pointed this out: but 
as he had previously insisted that all the effects of intestinal extract 


were due to the presence of vasodilatin, the proved presence of 8-1. 
therein, whatever its origin, necessitates a revision of his attitude. 
But while we are inclined to the belief that the simulation of g-I. 

effects by many tissue extracts will be found to be largely dependent | 


on the presence of more complex substances, the similarity of action is 
so marked that it seems unlikely to be without chemical significance. 
Among other amines formed by decarboxylation of amino-acids the 
only other one which could be regarded as possibly implicated in this 
action was agmatine (from arginine). Engeland and en have, 
1 Journ. exper. Med. x1. p. 480. 1909. | | 
R. Soe, Biol. uxvi.p.876. 100. 
This Journal, x11. p. 499. 1910. | Loc. eit. 
Kossel. Steck. F. physiol. Chem. LxVI. p. 257. 
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indeed, stated that agmatine has a similar action on the uterus. This 
is due, however, to the fact that they tested it in a concentration 50— 

100 times as great as that of B. I. whichĩ gives a maximal effect. Even 
80 they did not obtain maximal tonus. We find that agmatine, even 
in a dose of 10 mem t0 250 C0. (1 in 25,000), produces no effect 
on the guinea-pig’s uterus (Fig. 7), while 5 mgnis, in the same volume 
(1: 50,000) produces a much smaller effect on the cat’s uterus than 


0-1 mgm. (1 in 2,500,000) of B-. (Fig. 8). Engeland and Kutscher 


> 
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4, 10 mgms. of matin sulphate, 


pressure and respiration of a rabbit. We have detected no OR 


on the blood-pressure of a cat or a rabbit as the result of injecting 
20 mgms, of agmatine sulphate. We may safely conclude, therefore, 


that agmatine does not, as suggested by Engeland and Kutscher, 


make any significant contribution to the activity of ergot. Nor does 
it play any part in the A-L effects of tissue-extracts: we found, more 
over, that it has no effect on the coagulability of the blood. 8 

The only known amine, then, which produces. these. effects being 
that from histidine, the suggestion; that the substances: in tissue 


extracts producing similar effects are also histidine-derivatives, is at 


And the uch substances are split off 
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from cells of all kinds inevitably suggests the pre-existence of a grouping, 
readily detached by any influence which i injures the vitality of the cell, 
and capable of then producing the series of associated — 
effects 
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Isolated uterus, virgin cat. 
0, O“, 


Summary. 


The following additional conclusions concerning the action of 
-Iminasolylothylesine are reached in the foregoing paper. 5 

(1) The vaso-dilator fall of blood - pressure produced by g- Imin- 
azolylethylamine in carnivora is seen also in the monkey and the fowl. 
It is a direct effect of the base, and not due to the liberation of 
a vaso-dilator substance in the body. It is independent of the integrity 
of the peripheral sympathetic neurones, but is not due to direct action 


on the contractile elements of plain muscle. 


(2) When injected intravenously it produces 


of the rate of coagulation of the shed blood of the dog, and causes 


acceleration of lymph-flow from the thoracic duet. 

(3) Even in non-fatal doses on and large fll of | 
rectal temperature. 

Agmatine has a relatively very weak action on the isolated serve 
4 none on that of the guinea-pig. In other directions also its 
immediate action is negligible. 

The relation between the action of and tha 
of certain tissue extracts is further: discussed. | 
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NOTE ON A REVERSED ACTION OF THE CHORDA ~ 
- ‘TYMPANI ON SALIVARY SECRETION. Br H H. 


anpD P. P. LAIDLAW. 


(From the Wellcome Physiological 


Ix conjunction with C. T. Symons, seal recently 8 a reversed 


action of the vagus, such that the cat 's heart was accelerated during, 
and inhibited between the periods of stimulation. Langley“ described 
an apparently analogous change of response of the bladder to stimulation 
of the pelvic nerve after curari. We obtained the vagus reversal after 
nicotine, and other alkaloids (curari, hordenine methiodide, tropine) 
which appear to act mainly on the same structures. At the time of 


our publication we had observed indications of an analogous effect wit 


the chorda tympani after certain doses of tropine and nicotine, the flow 
of saliva produced by stimulation of the nerve being more rapid after 
than during the stimulus, and being retarded on renewing the stimula- 


tion while this rapid after-secretion was in progress. It was necessary 
carefully to exclude merely mechanical error, as the rather weak 


retardation we had at that time observed might have been due to 


slight obstruction caused by imperceptible traction on the duct in 


lifting the nerve for stimulation, or by escape of current on to the 


surrounding muscles, We continued our experiments, making careful 


controls to exclude these sources of error, and have obtained results, 


both in the cat and dog, which can only be interpreted as analogous — 
to the reversed effects of the vagus and pelvic nerve. Our best results 


were obtained in the course of experiments on the action of cytisine, 


the alkaloid of laburnum seeds, which, as we shall show elsewhere, has 


‘an action in almost all respects like that of nicotine Our better 


p- 


* Proc. Physiol, Soc. p. ixi, 1910, this Journal, x1. 
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success is probably due to the fact that we are now more familiar with 
the conditions favourable to the observation of the effect, rather than 
to any superiority of cytisine over the other alkaloids for its production. 
Langley! showed, in 1890, that, after incompletely paralytic doses of 
nicotine, the secretion produced by stimulation of the chorda may be 
mainly a prolonged after-effect. The only new point, therefore, is the 
reduction of the rate of this after-secretion by renewed stimulation. 
The following is the complete record of one of the experiments on the 
cat. It may be noted that there is indication of a double effect of the 
chorda even before administration of the alkaloid, in that the rate of 
secretion falls off towards the end of a prolonged period of stimulation, 
being accelerated again as soon as the stimulation ceases. According 
to Langley, such a prolonged after-secretion, apart from the effect of 
nicotine, more frequently occurs when the duct and hilus have been 
exposed. It will be seen, however, in our record, that renewed stimula- 
tion of the chorda, even after 1 mgm. of cytisine, causes a slight 
acceleration of this after-flow. It is not until 3 meme have been given 
that the secreto-inhibitor effect appears. 


Gat. 22 kilos, Chloroform. 
experiment. Tracheotomy. Cannulw in left carotid artery and right femoral vein, 
through which all injections were made. Oannula in right Wharton’s duct connected 
to small bore glass tube on millimetre scale. Chorda-lingual cut and prepared for 
stimulation. Secretion recorded in mms. at intervals of 10”, the numbers in black type 


show the periods during which the chorda tympani was stimulated. e 
18—16 om. 
11.10. 0, 0, 0, 20, 26, 24, 9, 1, 17, 16, 18, 15, , 1, 8 8, 7, 6, 55 3 2 oto. 


11.16, 0, 0, 0, 8*, 82, 15, B, 1, 0; 0, 0, a9, ¥, 8, 10, 16, 18, 16, 15, 14, 11, 10, 8, 7, 7, St, 
1̃0, 20, 6, 4, 1, 1, stops. 
* Inject 1 mgm. cytisine. 1 Inject 2 mgms. cytisine. 


11.96. 0, 0, 0, ©, ©, 0-8, 85, 17, 14, 12, @, 2, 8, 18, 22, 14, 11, 6, 2, 1°8, 8-6, 6, 21, 
23, 18, 11, 9, 6, 6, 4, 4, 2, 2, 2, 0, 0, stops. 


1.38. 0, 0, 0, 0*, 0, 0, ©, ©, ©, ©, 1°5, 85, 7, 6, 2, 1˙6, 1°5, 9, 16, 12, 8-6, 1, 2, 96, 
18, 15, 10, 6, 5, 2, 08, 1°6, 4, 11, 14, 9, 2°6, 1, 1°6, 8, 9, 6, 4, 2, 1, 1, 06, 


0, 
* Inject 2 mgms, cytisine. 


The figure shows diagrammatically the effects of the series of dies 
8 of stimulation beginning at 11.26 a.m. in the above record. A 
similar, though somewhat weaker effect was observed i in a dog, under | 


1 "This Journal, x p. 147. 1890. 
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morphia and A. 0. E., after 18 mgms. of cytisine. It will be sufficient 
to quote one line of the record subsequent seme e, 


Dog. After 18 mgms. of cytisine. Secondary cl 20 om. 
Salivary seoretion : | 


nt 


Diagram showing the effect of three stimulations of the chorda tympani in a cat after 
8 mgms, of cytisine, Rectangular areas represent volumes of secretion in 10” intervals. 


A. vaso-consttictor effect of the chords tympani after injection of 


nitrites has been described by Fröhlich and Loewi', but denied by 
Bayliss“; but, so far as we can discover, it has not been shown 
previously to have a secreto-inhibitor action under certain conditions, 


The effect is obviously analogous to those with the vagus and 1 


nerve reſerred to above, and its nature needs no separate discussion. 
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SOME RECENTLY ELICITED FACTS RELATING TO 

CARBOHYDRATE METABOLISM AND. GLYCO- 
SURIA. By F. W. PAVY, MD, LLD, F. RS., WITH 
COLLABORATION or W. GODDEN, BSc. F. LC. 


Cen the — Laboratory of de University of London, 


A fandamental fact connected with the metabolian of carbohydrate 


it may be stated that after reception, as a constituent of food, into the 


alimentary canal it becomes lost to view. Both blood and urine give 
no tangible signs of the passage of sugar into them from carbohydrate 
ingestion, Alike during digestion and fasting there is a certain limited 


amount of sugar found in the blood and in the urine, and, as a fact 


viewed apart from any preconceived idea, it can be said that no 
essential difference is noticeable at the two periods. In support of this 
statement reference may be made to the experiments recorded in the 


work on Carbohydrate Metabolism by F. W. Pavy, 1906, pp. 13-16. 


It is seen in these recorded experiments where the fasting is compared 


with the ordinary state in the rabbit and in the cat that, for the main 


part, higher figures are found to be given in the former of the two. 

Such being the case there is a failure of positive evidence that 
ingested carbohydrate reaches the general system in the form of free 
sugar, In face of the knowledge acquired from recently conducted | 


experimental work this point need not be pressed seeing that the 
| possession of power by the system quickly to put sugar out of view, 


even after introduction in a direct manner into the circulgtion by 


intravenous injection, can be demonstrated. 


It is known that the different sugars ee e 
to intravenous injection, the disaccharides being resistant to 
effacement. to an extent that the monosaccharides are not. In a 


This Journal, . p. 479. 1600. 
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matter, derived from 160 observations, are set forth. Different amounts 


of the sugars were employed and details are given of the amount of 
sugar found in the blood and in the urine, before and after hydrolysis, 
at ee periods afterwards. Taking the figures for the 1 gram. per 

ons it was noticeable that the mean representation of the 


en of Sugar eliminated during a one hour period afterwards stood 


in relation to the amount injected at 810 ½¼ for saccharose, 56°5 °/, for 


maltose, 48°7 % for lactose, 289 % for galactose, 209 °/, for levulose, 


and 15°6°/, for dextrose. With respect to the blood it was noticed that, 
taken instantly after the injection, the amount of sugar found in it 
stood very uniformly for all the sugars at about 6 ½ . Taken five 
minutes after the injection it had fallen to about 4°/,; 15 minutes after, 


to about 3˙5 % for the disaccharides and 2°5°/,, for the monosaccharides; _ 
and at the end of an hour to (mean expression) 1°92 %% for saccharose, 


1:78 */,, for maltose, 2°33 % for lactose, 1°72 % for galactose, 144% for 


levulose, and 1°33 % for dextrose. These results clearly supply evidence 


of the difference in the taking on and retaining capacity of the system 
for the different sugars, and that dextrose stands first in capability of 


being taken on and placed in a posiisoti for 


~ purposes of life. 


Confining now the attention to dates, which oninly, it may be 


aid is the sugar reaching the system from the alimentary: canal, the 


issue of a number of intravenous injection experiments, conducted with 


varying strengths of dextrose solution, is to show that elimination with 
the urine stands in relation to the rate of introduction. One gram. per 


kilo has been in each case the quantity injected and the rabbit has 


been the animal experimented upon. The solution has been run in 
from a burette through a hypodermic needle passed into a superficial 
vein of the ear, the only restraint exercised on the animal being 


steadying with the hands so that no deviation from normal conditions 5 


should occur. 


In the experiments to which allusion 1 heck already made a 10 1 
strength of dextrose was employed and the injection was run in quickly, 


that is, in less than 1} minutes. In these circumstances a considerable 
output occurred, viewed from a per mille aspect. For instance the 
sugar present in the urine of a rabbit killed 5 minutes after the 
injection amounted to 2610 % ; 10 minutes after, 64 %; and 15 
minutes after, 5800 /. For the 60 minutes period, the figures, with 
one exception, run in a lower level, which is doubtless to be accounted 
for by the climination-falling off after the first rush of output is over. 
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ae recent experiments lower strengths of solution have been 
used and the urine has been ordinarily collected for quarter of an hour 


periods. By employing a buck rabbit it is not difficult to obtain the 


urine by means of a catheter, which may be regarded as constituting a 


more exact method than obtaining it by pressure over the bladder. 
With a 5% strength and about a 7 minutes period for effecting the 


injection the amount of sugar passing into the urine is much more 


limited. To give an idea upon the point the following example may be 
quoted. The sugar was dissolved in Ringer's fluid and the injection 
took 7 minutes for completion. What is of course wanted is the actual 


amount of sugar eliminated during the specified period, and this has 


been customarily obtained by calculation for guidance, the practice 


: always being to measure as well as analyse the urine. In the example 


in question the urine collected immediately after the injection gave the 
following per mille and actual content figures, 15˙4 % and 18 mgs. 
For the first quarter of an hour after, they stood at 290% and 40 mgs. ; 
the next quarter of an hour, 23°5 % and 7 mgs.; and following this, 
144 % and 7 mgs. The blood 53 minutes after the completion of the 
injection was found to contain 103 % sugar, which eee with a 
normal state. | 

The effect of the introduction of a 2°5°/, strength in association with 
a more prolonged period of injection is interesting and important for in 


this way the 1 gram. of sugar per kilo employed is seen to be susceptible of 


toleration by the system without leading to the production of glycosuria. 
Such being the case means that it is possible after intravenous injection 
to get the same result as attends the reception of sugar into the 


alimentary canal in the ordinary | course of life. Subjoined are details 


of experiments 


— of (24 "|, in normal saline) 


Exp. 1. Rabbit, 1°25 kilos. 174 viecous urine ‘collected un 
stop snd found, on titration with Pary's ammoniated solution, to 
give 6°5 °/,, of dextrose. 


4.39 p.m. Injection of 2 8 % dextrose solution in normal saline commenced. — 

4.48 „ Injection of the 50 b. 0, completed. No urine obtainable, | 

8.3 „ 165 0,0. of urine collected. No reaction with Feblirg’s test 967 % 
 @extrose ‘with Pavy’s solution. 


5.18 16 ce. of arne obtained. Bugar too small in sinount to be susceptible of 


5.88 „ 08 of urine obtained. Sugar not easeptible of determination 
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. Rabbit, 2°96 kilos, collected giving 


4a p.m. Injection of dextrose commenced. 
„ _ Injection of the required 118 6. 0. completed. 


„ 3 000. of urine collected, giving 


4.25 
4.37 
presence of 10 mgs. of sugar. 

70 6,6. of urine collected with 88 0% dextrose corresponding with mgs. 
4.50 


sugar. 
ani 25 ming, after the oompletion of the injection, blood was collected, at the time | 


amount of 1-04 % of sugar. 


Rabbit, 2-0 kilos. 11:1 of urine collected giving 5:96 % dextrose. 


8.82 p.m. Injection of dextrose commenced. 

8.52 „ Injection of solution (80 0.0.) completed. 

perebenos of 15 mgs. of sugar. 

én... with Of cocresponding with content of 7 mes. 

13 „ I hour interval, 9°68 6. 6. of urine, 1°04 % , and 10 mgs. of sugar content. | 
Ts is notionable in these experiments that, notwithstanding the 

ee e of the fluid into the system, the amount of urine secreted 

was very small. Both normal saline and Ringer's fluid, it has been 

found, do not ordinarily increase the output of urine, and it was thought 


advisable to see what kind of results would be yielded in the presence 
of a larger flow of urine, Urea was employed as a diuretic and was 


added to the 2°5 % solution of dextrose to the extent of 6%, making a 


normal solution — ‘The effect on the flow was immediate and: 


marked. 


decir sation with urea 
4 Rabbit, 1-85 kilos 
3.55 p.m. Bladder emptied. 
8.57 „ 
4.15 „ 


4 „ . 116 6%, urine collected giving 0-94 % dextrose’ corresponding with the 


presence of 11 mga. of sugar. 


4.82 „ 16 % of urine collected with 0-84 % dextrose and presence of 7 mgs. of 


sugar. 
447 „ 98˙9 0.0. of urine collected with 0°74 % dextrose and 6 mgs. of sugar content. 


Exp. 5. Rabbit, 2 kilos. 
4.14 p.m. Injection of dextrose and urea commenced. | 
4.35 „ Injection of 80 ¢.c.=1 grm. per kilo completed. 
4.87 „ ˙ and 1? mgs, of suger couteat. 


4.52 „ - 188.¢. of urine collected with 0°50 6% dextrose and 9 mgs, of sugar content. 
The animal was at this period killed by incision of the vessels of the neck, 


and the blood obtained was found to.contain 2°00 % of sugar. 
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These two experiments very strikingly show that the injected sugar, : 
after reception into the circulatory system, was placed in a position 
completely to escape elimination with the urine. The urine obtained, as 
might be inferred from the quantity secreted, was in a colourless watery 
state and gave no sign of reaction with Fehling's solution. | | 
Attention has been given to the blood as well as the urine after the 
injection in order to obtain a clearer conception of the actual sequence 
of events. In some of the instances the state of the blood in relation 
to sugar content has been mentioned and what may be said to be 
observable is that, if the blood be taken about half-an-hour after the 
injection, the sugar found stands at its normal point of about 1 per 1000. 
In Exp. 2 it has been seen that the blood collected 25 minutes after 
the injection contained 1-04 %,; and in Exp. 5, 17 minutes after, 2°/,,. 
In another experiment of a like nature, where the blood was collected 
immediately after the injection of the sugar in normal saline, it 
contained 2°71 %, and in another, in the presence of urea, 3°66 % were 
the figures given. | 
The work of Bayliss in 8 as a preliminary step to chemical 
incorporation? appears to have an important bearing in connection with 
the point under consideration. With adsorption taking place, the 
sugar, whilst recoverable by analysis, would be virtually holding a 
colloidal position, and in this state would escape being eliminated by 
the kidney. It is only in the actually free or unattached state that this 
property would come into play. That, in an eminent manner, it 
possesses this property is shown by the resemblance of its behaviour 
with that of saline matter in relation to flowing off with the urine. — 
Indeed, it is classified with salines in promoting diuresis and its power 
in this direction is fully equal to that of salines, as is testified by 
experimental observation. Its entry into the blood to any marked 
extent reveals itself at once by the increased flow of urine excited, but, 
if there should be excess in the blood of a more limited nature with at 
the same time a state of inactivity of the kidney, the excess may escape 
being brought into view through the medium of the urine and thus a 
want of harmonious relationship between sugar in the blood and output 
e sugar in the urine be created. 
It has been seen that when dextrose is introduced to a certain extent 
and at a certain rate into the circulation of the healthy animal a 
bi cies — of it is effected without any occurrence of 


II de. Boy. Soe. B. 1011. 
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glycosuria, “Introduced more quickly and largely, however, it fails 
similarly to entirely disappear from view, and that which has not 
disappeared runs off with the urine and leads to the production of 
glycosuria. 

The capacity, for effecting the dina referred to iin 
constitutes the dominating factor over the production of glycosuria. 
To ascertain if an exhausting influence on the capacity was exerted by 
the injection made, the following experiment was conducted in which 
a second introduction of dextrose was made to follow Saad after 
the first. 


injection of desiree in normal salina sition 


repeated after a short * 
1˙8 kilos. 
pu. — oration with Folin sion 
Pavy’s solution 6°71 °/,, of dextrose. 


4.17 „ Injection commenced. 

„ 2 drops of urine obtained, no reaction with Fehling. 

1 8 drope of urine obtained, slight reaction with Febling, 

Second injection commenced. 

„ Injection completed, 72 0. 6. 1 grm. per kilo. 

„ B drops of urine obtained, slight reaction with Fehling. 

„ 0.0. of urine collected, giving ight vention with Vehling, end containing 
6°37 % of sugar, representing 10 mgs. 


The interval that was allowed to elapse 5 this experiment 8 
the two injections was 23 minutes. A noticeable feature is the 


smallness of the quantity of urine that was throughout obtainable, 


notwithstanding the quantity, 144 c.c. altogether, of fluid injected. No 


evidence is afforded that the first injection had diminished to any 


tangible extent the capacity of the blood for taking on, or putting out 


ol view, a further amount of dextrose. 

Trial was also made of altering the strength of sodium chloride 
solution, in which the 2°5 / dextrose was dissolved, from that of normal 
to 5 "los to see if any effect was produced upon the operative power at 
work in connection with the dextrose disappearance. The subjoined — 
show the answer that was given. 


0°4 c. 6. of urine obtained, containing 815 of sugar, representing 8 mgs. 
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1. Rabbit, 3°15 kilos. 


8.42 p.m. 45 0.6, of urine collected trom the bladder giving no reaction with Febling’ 
solution, and 2°56 °),, dextrose with Pavy's solution. 


Injection completa et 196 gm. of and el sodium 
chloride per kilo. 


4.12 collected giving 212 dextrose, which runs expressive o 


202 mgs. of sugar. 
442 „ 17 0.0, of urine with 1°54 % ratio and 26 mgs, of sugar. 
4.57 „ 13 0.0. of urine with 1-05 °/,, ratio and 14 mgs. of sugar. 
5.12 of urine with 0-41 ratio and 6 mgs. of gugar. 


Exp. 2. Rabbit, 1°85 kilos, 
4.35 p.m. of wine collected giving 


4.36 ,, Injection commenced. 
4.55 „ Injection completed, 74 o.c. =1 grm. 


of sodium chloride. 
458 „  20°6.c, of urine collected containing 3-07 % of dextrose=63 mgs. 
5.18 „ 880.0, of urine with 1°47 %/,, dextrose=12 mgs. 
5.28 „ 378 0.0. of urine with 0°8 °/,, dextrose=3 mgs. 


Exe. 8. Rabbit, 3 kilos. In this experiment a 5 % solution of sodium chloride to the 


solution. 


8.58 p.m. 24 0. 0, of urine collected giving 6°13 % „of dextrose. 
8.54 „ 
4.6 „ Injection, 60 c.c., completed. 

47 „ Injection of 9:5 % dextrose solution oommenoed. 

4:25 „ Injestion completed, 120 0.0. 1 grm. per kilo. 


430 „ 646.6. 


445 „ 16-7 c.0. of urine with 1:10 % „of dextrose=18 mgs. 
6.0 „ 946.0. of unine with 0-88 % of dextrose=8 mgs. 


From these three experiments it is evident that a certain amount 
of interference with the exercise of the power of determining a 
disappearance of injected dextrose is exerted by the presence of a larger 
amount of sodium chloride in the blood. The matter is an important 
one in relation to the production of glycosuria as it touches the 
fundamental point connected with the question. It is probable that 
this power that is being referred to is capable of being experimentally 
influenced by other: means, but sufficient is before us to establish the 
fact, and it must remain for the mit of ree, TT to further 
open out the ground. 

PH. XLII. 14 
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760% Parr GODDEN. 
It is interesting to note the remarkable extent of variation that 


1 in the quantity of urine aſter the employment of the normal 


saline and the 5 % sodium chloride solution. Taking the experiment 


where. the injection of 1 gram. per kilo of dextrose at 2°5 / in normal 


saline was twice performed the quantity of fluid introduced into the 
circulation amounted to 144.c.c. At the end of the first injection only 
2 drops of urine were obtainable and 17 minutes later 3 drops. Four 


minutes after this the second injection was commenced and completed 


in 16 minutes. Three drops constituted the amount of urine obtainable 
directly afterwards; 16 C., 15 minutes later; and 0°4 c., after the 
lapse of another 15 minutes. With the 5 ½¼ sodium chloride solution 
diuresis quickly on the other hand follows, and in one of the experiments 
given 221°7 cc. of urine were collected in 64 minutes after an injection 
amounting to 126 cc. Observation shows that sugar runs upon the 


foretold by the output of urine that occurs: 


Depuctions. 


view after absorption from the alimentary canal. It neither shows 


itself in the blood of the general circulation nor occurs as an outflow 
with the urine, contrary to what under abnormal conditions many be 
witnessed. 


: There must be a determining factor at work to bring about the 5 
disappearance, and it is the nature of this determining factor at the 


preceding experimental work has reference to. 

Simplification is afforded by the recognition of the fact that 1 
introduced in a direct manner into the circulation disappears from view 
similarly to ingested carbohydrate, and the experimental evidence 


adduced shows that a definite * exists for fanctioning in this 


direction. 

Experimenting with 1 gram. per kilo of dextrose, intravenously 
injected: into the rabbit, it is noticeable that if thrown in. quickly, a 
more or less considerable Portion runs off with the urine, instead of 
being fixed and removed from view, whilst if introduced more . 
all may become fixed and thereby lost from view. 


The fixing capacity it is suggested is due to bioplasmic 3 
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of any kind in | 
oontact. | 

In the: set forth the. issue “depénde upon whether the 
fixing, capacity.is outbalanced by the amount of the dextrose introduced 
or not. That which is allowed to remain in an unfixed or free state 
‘with the’ provailing order of 
events. 

The experiments with: the 5%, or 2 grams, per: kilo sodiuin 
injected in conjunction with the dextrose show that the fixing capacity i is 
eapable of being reduced, and grounds are thus presented for surmising . 
that other conditions may exert a modifying influence, just as with 
phagocytic action there is a varying capacity (which the circumstances 
existing permit of being open to demonstration) for the bioplasmic 
annexation in the first place and incorporation in the next of microbes, 
so there may be a like position for molecules of sugar and other nutrient 
matter, and a parallelism with respect to opsonic capacity. 

That the fixing capacity for dextrose intravenously injected is no 
small matter of consideration is shown by the experiment in which two 
injections of 1 gram. per kilo each, with a 23 minutes interval, were made 
without being attended with any associated glycosuria. The time 
occupied from the commencement of the first injection to the completion 


of the second was 55 minutes, and calculation will give the fixing 


capacity, which will be found to be something considerable, for a man 


of ordinary weight, assuming that a concordant basis from the rabbit 


Introduction in a direct manner into the blood has only yet been 


considered. The natural channel of introduction is from the alimentary 
canal, and in this line of passage, with the active lymphocytic growth 


encountered, much more capacious means of fixation exist, rendering 


the power of producing disappearance from view infinitely greater than 
in the case of intravenous injection. 


Under any circumstances if a fixation power stands in excess of the 


demand for its exercise no glycosuria follows. If, on the other hand, 


the demand is greater than the power proportionate glycosuria follows. 
The power of effecting disappearance from view in the healthy subject 


is not unlimited. In all persons glycosuria can be produced by excessive . 
- ingestion of sugar. Alimentary diabetes is attended with a curtailment 
of the power, to different extents in different cases, but for the time 


being of a fixed nature. The capacity of assimilating sugar, which may 
be taken to mean dealing with it in such a manner as to put it out of 
14—2 
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208. E W. PAVY AND W. GODDEN. 
view, is below the normal standard. But, here, as long as the sugar to 


be assimilated is below the existing power of assimilation glycosuria — 


follows ‘whilst, otherwise circumstanced, urinary elimination of sugar 
stands in proportion to the extent of failure in the performance of the 
VCC 
In substance, the foregoing considerations point to sugar being 
taken from view by the incorporating agency of bioplasm, what is not 


80 ‘dealt with being discharged from the system with the urine. This is 
one aspect of the production of glycosuria—a failure of sugar to be 


properly incorporated into bioplasm. The other aspect is dissociation 


from its incorporated state. This will form the subject of the further 


communication to follow. 


Aug, 20, 1011. 
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OBSERVATIONS ON THE LOCALISATION IN THE 
MOTOR CORTEX OF THE BABOON (“PAPIO 
_ ANUBIS”). Br T. GRAHAM BROWN. iil S. 
BEREBRINGTON. 


(om te lune of te of 


Occasion having arisen for . a well-grown specimen of the 
Cape Baboon—Papio anubis—we took opportunity to examine the 
localisation of the reactions of its motor cortex. So far as we are 
aware the cortex of this genus has been laid under contribution only on 
one occasion previously*. The object of the investigation then per- 
formed related to a limited portion only of the motor field; and the 
rest of the field, although it was explored incidentally, was not dealt 
with in detail. The present experiment was intended to cover that 
deficiency, and to re-examine and the observations then ob- 
tained, 

It is a 8 to mention our indelitedness to Mr. C. * Burt for 
his kind codperation during: these 


The baboon wa ag in wich the bry cot 
particularly well marked. 
At 10.50 am. chloroform. was first adminictered, and the narcosis , 
was then continued by a mixture of chloroform and ether. Thence- 
forward until the animal was killed about 4.50 p.m. ib. was ie 
completely under the influence of the anzsthetic. af 
At 11 am. the skull was opened and the dura eli over the 
motor area of the left cerebral cortex. The dura was then opened and 


of the fissures was made and traneferred st ones to ruled 


1 ‘The expenses of this investigation neee. 
us (T. G. B.) from the Carnegie Trust. 
.* Boat and ‘hia 2000. 
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paper. Upon this map the situation of the small blood vessels was 
indicated exactly, and the abscisse and — of the ruled paper 
(millimetre) were numbered. 

The electrical stimulation of the cortex was by de unipolar method. 
One pole was applied to the shaved surface of the left (ipsilateral) foot, 
and the other (the stigmatic electrode) to the different points on the 
— of the cortex. A Berne coil was used. 

When the time came for the localisation of the motor . one 
aer placed the stigmatic electrode upon a point on the surface of 
the motor cortex. It was comparatively: easy to locate this point in 
the map, and this being done the numbers of the absciséa and ordinate 
crossing the point were read out and written down sind with a 
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Aſter death animal was with 


1 brain removed. The brain was subsequently photographed in life 


size, a tracing of the photograph was taken upon ruled millimetre 
paper, and the map made at the — vi to this (Fig. 1). 
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MOTOR: CORTEX. OF BABOON. 


am to 2.20 pm. stimulation of the'cortex. After the termination 
: of the cortical localisation the animal was used for a Fare, described 
55 in another paper’. 
ve For the convenience of the reader the results obtained during the 
ain of the cortex are not given in the order of time in which 
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mn the key-map (Fig. 1). The circles are here replaced by figures which correspond to 

d te figures in the left-hand column of the list of reactions. In the lower right-hand 

to this enlargement indicated. 

Graham Brownand Quar. dour. 1911. 
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they were observed, but in the order of their places—from left to right 
and from above down—upon the key-map (Fig. 1). The, number of 
‘each reaction in the order in which they are printed corresponds to the 

numbers of tlie enlarged charts (Figs. 2, 3), Thus the movement 
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similar chart to that reprodused in Fig. 2 but the 
| lower and its position on the key-map is 
marked in the lower left-hand corner. There is an atea reproduced in common in 
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marked 15 in the printed list is that obtained on stimulation at the 
point marked “15” in Fig. 2. The figures in the second column of the 
list give the ordinate and abscissa which meet at the point in question 
in the key-map. These ordinates and abscisse are also marked in the 
enlarged maps. The figures in the third column give the numbers of 
the observations in the order of time as at the experiment. It will be 
observed that in some cases the same point was stimulated on more 
than one occasion. The final column gives the movements observed on 
occasion of the stimulation of each 


OF CORTICAL REACTIONS. 


No. of observation 


ee | tension of ankle; extension of toes. 
07 1 extension of toes. 
.. 08 28 85 Flexion knee; abduction hip; spreading 
Flexion of knee alone, 
84 Extension of hip. 
Flexion hip; abduction hallux. 
7 „„ 81 Aaduetion thigh; flexion knee. 
ae oa 30 890 Movement of abdomen ; respiration slowed. 
Ce ee, 8 Movement of thorax and then shoulder. 
. . Movement of thorax, then shoulder, ex- 
tension of ankle. 
ae eee Se Drawing up of trunk, flexion of shoulder. 
(12) VV Slight movement of eyes to opposite side. 
5 20%½4 02/06 186 + Movements of eyes to opposite side. 
20 83 Flexion of elbow. 
99 Flexion shoulder; flexion elbow. 
15 19 Addnotion shoulder; flexion elbow. 
285 8 Flexion shoulder. 
| 100 Flexion shoulder; fasion elbow; 
1706 Flexion shoulder; extension elbow; 
flexion wrist, | 
t of eyes to opposite side, very 
slow and steady. 
“ Puffing out” of pouch. 
„ ‚ Movement of head to opposite sida. 
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860 Turning of head to opposite side; exten- 

| 5 sion shoulder; no movement of eyeballs. 

= flexion elbow; extension 


R 


2 8 


Movement of head. opposite cide. 
Flexion elbow; extension wrist. 
Movement nose; movement lower eyelid. 
Protraction of mouth; retraction of angle 
of mouth; movement of neck. | 
Flexion elbow; movement of heed to 
opposite side. 
Flexion elbow. 
Wrinkling of nose; movement of 
@ulus, and over shoulder. 
Movement of nose. 
Slow movement nose; 
Slow movement nose; eyebrow? 
to opposite side, 
Rotation of head to same side, then 
sharply to opposite side. 5 
Slight movement of nose. ‘ 
a Rotation of head to same side, 8 
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‘TABLE OF CORTICAL REACTIONS (cont). = 
observation | 


angle of mouth; of 
akin of shonlder (panniealns), 

Opening of jaw and eyes. © pene 

Opening of jaw and eyelids; 
of nose to side. | 

Eyeball a little down and in; al 


Key Map No, of 


af 


dilated. 

‘Eye opened; pupil changed. 

Distinet movement eyelids and pupil; nose. 

Movement of eyeballs? 

Opening of mouth; protrusion of tongue. 

Closure of jaw; contraction of angle of 
mouth; twisting of snout. 

Opening of pouch; movement angle of 

mouth. 
| es ae Opening of lips; contraction of angle of 

1 55 Retraction of angle of mouth; opening of 

jaw; movement of nose. 

| Movement of angle of mouth; movement’ 

ot skin of shoulder. 

Opening of jaw. 

Slight closure of eyelids. 

Movement of angle of mouth. _—_. 

Protrusion of tongue; retraction of tongue; 
movements of mouth and nose. 

A few drops of saliva? : 

Movement of palate. 

side; movement of nose. 

Retraction angle of mouth; opening of 
jaw; retraction tongue; movement of 
tongue to opposite side. 

Closing of jaw; opening of jaw; re- 
traction of mouth; sharp closure f 
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j jaw on cessation of stimulus. a 
f 
64 Retraction of tongue alone, 
65 Strong movement of palate. 
| Protrusion of ; movement of head 
87 of tongue; mo ‘ 
| bast and nose to opposite side. 
— 2 
68 Protrusion tongue; sligh' 
— 
. 11 Protrusion tongue; retraction of of 4 
mouth; 
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TABLE OF CORTICAL REACTIONS (cont.). 


No. of observation 
in order of 
time 


F 


ude 


Retraction of tongue; opening of jaw. 
Protrusion of tongue; drawing up of nose. 
Movement of larynx to side. 
Protrusion of tongue; . 
Opening of jaw. 
Closing of jaw; opening jaw; retraction : | 
of tongue. 15 
Closing of jaw; retraction of tongue. ee 
Opening jaw; opening eyes; slight move- 5 
mont of ear. 
Opening jaw; opening eyes; 3 
ment of ear. 


2 S88 gge 


1177 Retraction of epiglottis om one side 


82 8 223 
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Beees & 88 
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ay 


| | Remarks on the results obtained. 
88 together the observations obtained in the case of this 
| individual and in the case of the baboon previously investigated by 
Roaf and Sherrington it is noteworthy that in no particular are they 
discordant. In the instance here described, however, the more detailed 
examination carried out has added some further points. The animal 


was termed Oynocephalus anubis in the previous paper of Roaf and 
| Sherrington, but it was of the same species as the baboon described 
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in this paper—to which the more correct and modern term to apply is 
Papio anubis. 

In these remarks we shall confine ourselves to features and details 
outside such as merely conform with those well-known for the monkeys 
cortex in the types usually examined. For those usual reactions 
reference may be made to the charts supplied. 

From the Facial area movements were observed of both evelicle, of 


i the lower eyelid, and of the eyebrow; also unilateral turning of the 


snout. All these, with the exception of the movement of the lower 
5 eyelid by itself, were observed in the previous investigation. 

A movement described in the table as “puffing” of the cheek 
pouch, and not previously observed, was also elicited. There was 
observed also a movement of the skin over the neck and “ernie 

evidently due to the contraction of the panniculus carnosus. 

As in the previous experiment the area yielding movements of the 
jaw was found to be large; and the field yielding opening of the jaw 
was found, as before, to be much more extensive than that yielding 
closure.. A curious reaction of the jaw not hitherto noticed—numbered 
63 in the table—may be mentioned. At this point the cessation of the 
cortical stimulus was followed by a sharp snap-like closure of the jaw. 
The stimulus itself, after producing a closure of the jaw, had caused the 
jaw to open. This movement after the end of the stimulation reminded 
one of the “rebound contraction” which is a phenomenon following the 
inhibition of muscles—preeminently extensors, to which group the 

muscles closing the jaw belong. 

Movement of the larynx in association with that of the avuls and 
retraction of the epiglottis to one side was elicited from a rather wide 
field in the lower facial area. oe 

A Neck area was very evident between the facial area and 3 

8 area. It yielded side ward turning of the head. The turning was often 
: away from the side stimulated, but on stimulating at some points it 
: ‘was definitely toward the side stimulated. 

The Upper limb area showed its usual fulness and variety of 


. representation as so well known for the several simian types. One 
1 point perhaps deserves mention as particularly clearly seen; namely 
that in the representation of elbow movements the position of the focus 
for elbow extension is small and posterior (nearer the central sulcus) as 
compared with the main representation for flexion of that joint. 

A small Abdominal area lay between the chest area and the area 


1 for the lower limb. On stimulating in this area it was noticed that at 
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each: application of the stimulus the respiratory rhythm was ene 
The! exploration. of the Lower. limb area gave a: sahil differ- 


e of the various movements than is usually found. Extension 


and adduction ab the hip were separately obtained as primary move 
ments. On the whole, flexion of knee and hip lay anterior to extension 


in thé ares. The digits were well represented, and e g 


| ee adduction at hallux were observed. 
As td movements of the eyeball—in addition to the field ‘shed in 


| 5 previous experiment, certain points lying considerably further 


forward were noted to evoke eye movements; are in 
map (Fig. 1) 

The of the: post-ossitral convolution was explore bot no 
were — from it.” 
The fogatisation i in the motor cortex of the Baboon agrees 
3 general arrangement with that found in other simian types examined. 
15 seems, as regards specialisation, to lie between Macacus and the 
anthropoid types. 


The scheme of representation of the various moveméenta of the 
musculature, as followed on the pre-central gyrus from below up and 


toward the 4 diam line, exhibits in succession areas for lower face, 


upper, face, neck, arm, chest, abdomen, leg, and perineum. Face move- 


ments seem particularly clearly differentiated. 


" Overlapping of individual representations in each of these main 
areas is very marked. The charts I and II have been planned to 
render this feature evident in its full arrangement. On the other hand 


overlap between main areas such as those of the face and arm, or ‘arm 


and leg, is is slight and even questionable altogether, It is true however 
. neck area adjacent to the arm area confuses slightly with it; 


an 80 similarly does arm area with the chest area. 
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rug INFLUENCE OF COLLOIDS ON DIURESIS. 
By FRANK P. KNOWLTON. 


pore various classifications of diuresis is that which 8 


two kinds, One is accompanied by increased oxygen consumption by : 
the kidney and therefore may be considered as due at least in large 
part to secretory activity. The other, even though the increase in 


urine is relatively enormous, is unaccompanied by any change in 
oxygen consumption, which can be measured by the methods at present 
at our disposal. It is natural to consider this as purely mechanical. 


As examples of the former, we have diuresis by injection of urea, 
 caffein, or Na,SO,. The diuresis following the injection of physio- 
logical saline is a conspicuous example of the latter. 


Among the factors which may be associated with this mechanical 
production of urine are change in (1) the arterial blood-pressure, (2) the 


_ blood-flow through the kidney, and (3) the physical effects on the blood 
caused by the diuretic agent. These latter changes may be merely 


effects of dilution. The more obvious changes which would be produced 


by dilution of the blood with physiological saline solution are changes 


(1) in the osmotic pressure of the proteins, and (2) in the viscosity of 
the blood. If the blood was changed in tonicity, changes in the state 


of aggregation of the proteins either in the blood itself or in the cell 


membranes might take place. 
These points have already been touched upon very briefly by 


Bareroft and Straub, the object of the present research has 


been a more complete investigation of them. Its general scheme has 
been to exclude from the argument, as far as possible, changes in 
arterial pressure, rate of blood-flow through the kidneys, and changes 
in viscosity, either by the actual exclusion of these factors from the 


experiments or by the execution of control experiments, and having 
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done so to see whether there is any residuum of diuresis which may be 
attributed to changes in the osmotic pressure of the proteins in the 
plasma. 
The experiments, except where ‘otherwine stated, have been on 
rabbits, The anesthetic used has been urethane, with chloroform and 
A. C. E. mixture when necessary. 
The dissection and the methods of collection of the blood jad. 
measurement of its rates of flow were similar to those previously 


described by Barcroft and Brodie . The urine was collected by — 


ligaturing the urethra and inserting a cannula directly into the bladder. 
The lower end of a burette was enlarged to receive the tube from the 
bladder cannula, the upper end closed by a rubber stopper and the 
burette inverted. In this way the flow per minute and the ee f 
volume of urine could be read e at any time. | 5 


of on n saline diuresis, 


KCl 042 /, CaCl, 024%, Na, OO, 03 %%, 
When 25 cc. of such a Ringer's solution is given intravenously to 
an eviscerated rabbit a prompt flow of urine usually occurs, varying in 
rate from 1 to 5 oc. per minute depending on the blood-pressure and 
the amount of fluid previously injected.. In several instances the flow 
of urine was so prompt and copious that a volume equal to that of the 
saline injected was collected within a period of from ten to fifteen 
minutes, 
T be available pressure in the capillaties for the filtration of this 
urine is, according to Starling , the difference between the capillary 
pressure and the osmotic pressure of the proteins. It has been pointed 
out by Barcroft and Straub that if these two factors were normally 
nicely balanced, a diminution in the osmotic pressure of the proteins 
might account for a considerable diuresis. If this hypothesis is tenable, 
an injection of saline solution such as is cited above, should produce 
less diuresis if some substance allied to protein and which exercises 
approximately the same osmotic pressure as the blood proteins is 
dissolved in the saline solution. The first colloid so tested was 
gelatine. It has the advantages of being comparatively. non-toxic and 
of being closely related to protein. An inhibiting action of gelatine 
en diuresis has been decribed and others. 
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The first test which was made consisted i in the alternate injection of 
saline solution, and of saline solution containing gelatine. In each case 


25 dd of solution were injected. The gelatine used was the so-called 


salt-free gelatine. The strength, unless otherwise stated, was 5°/,. 
This was judged to be suitable from data given by Moore and Roaf , 
and from some preliminary experiments. I have also made direct 


_ Measurement of the osmotic pressure of the solutions used with the 


‘following results. | 
5 % gelatine in normal saline 379 C0. 23 mm. Hg 

5 % gam acacia in normal saline . 12 mm. Hg . 

_ 8%, soluble starch in normal saline 87° C0. 2 mm. Hg 


These figures for gelatine and for gum acacia are considerably lower 
than the figures given by Moore and Roaf. This is to be explained 
in part by the fact that they were dissolved in Ringer's solution instead 
of distilled H,O and thus the “solution aggregates ” of the colloids were 
altered. The parchment membrane of the osmometer was also without 
support and there may have been some loss due to the stretching of the 
membrane. It may be noted, however, that the intermediate value for 
gum acacia accords well with its effect on diuresis. 

When injections of 25 0.0. of physiological saline solution are given 
alternately with injections of 25 c.c. of saline solution containing 
gelatine, the addition of the colloid has an inhibiting effect on the flow 
of urine, the degree of inhibition varying within certain limits with the 


percentage of colloid added. This effect is shown in Fig. 1 and in the 


following table. 5 
It should be noted that the an give only the maximum diuresis. 
For the _—— history the reader may consult . figures. 


of tine om kine a. 
‘Ure flow (max.) por min 


6 
saline Saline ‘Saline Saline 


Expl 06 e. e. 25 


82 — it 23 — 
21 1-4 8-4 1:7 
8˙2 12 2˙8 VVV 


4 From the above table it will be seen that when gelatine is added to 


the saline solution the diuresis is very greatly reduced. The increase 
of urine following injections of 25 ac. of 5% gelatine is much the same 
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as that produced by injection of an equal quantity of blood, and may be 
explained by the rise of blood-pressure due to the increased blood- 


volume. When the animal is bled at the time of, or just prior tothe 


A oo 


Fig. 1. The black areas represent the volume of urine secreted; urine per minute being 


plotted vertically and the time horizontally. The straight lines, joined by broken 


lines, show the blood-pressure at the time of injection, and the change due to the 


injection, so that the blood-volume and blood-pressure are kept as 


nearly uniform as possible, the gelatine-saline solution causes almost 


no diuresis while the saline solution still produces a copious flow. The 


following is an abstract of such an experiment. : 


4.05. Bled 16 c.c. 3 

4.06. Injected 265.0. of 6 %¾ gelatine.saline. 

4.06-4.10. 05.0. secreted in 4 min. Urine flow then stopped. — 

4.11. Bled 16 0. 6. 3 
4.12. Injected 25 0.0. of saline solution. | 


4.20. Bled 16 a0. 
Injected 0.0. gelatine-saline. 
4,21-4.25. No diuresis. ea 
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Fig. 2 and the data are as follow: 


00 difference in arterial to increase of ‘Viscosity and 


renal cells; (4) to the 


colloid injected. 


1. Blood-pressure trac. <j 
ings were taken in all 
experiments and it was the § 
aim to make the rise ac- =f 
companying the injections 2 
ce, 


It is then fair to conclude 


that blood-pressure changes 
are not responsible for the 
effect in question. 
2. If the change in pig. 1. Urine and blood-pressure 
flow of urine is to be plotted as in Fig. 1. 


do the difference in viscosity of the injected fluids it has been judged 


change in the blood-flow through the kidney and that the diminution of 
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When gum acacia is added to the saline solution is place of the 
gelatine, a similar depression of diuresis occurs, This is — in 


Urine flow (man.) per min. 


Gum Gum 
23 


Exp. 5. „ 86 40 84 88° 80 
8. 22 16 84 41 16 26 — — 


The inhibiting effect of both gelatine and gum might be due to 


therefore lowered capillary 
pressure; (3) to some 4, 
poisoning action on the 


osmotic pressure of the 


equal. The arterial pressure 
during the injection is 
shown in the figures. If 
there was any difference it 
was in fayour of a slightly 
higher pressure at the time 

of the gelatine injections. 


explained as due entirely 
that, with a constant arterial pressure, this would be indicated by a 
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blood- flow and of urine- flow would bear a definite to each 
other, We have accordingly measured the blood-flow as at the — es 


of maximum diuresis, The data are as follow: 
Biood-flow through left kidney 6.0. per see. | | 
Exp. 4. 033 0-4 82 4 4 
44 
9. 66 00 


1162 


3 Fig. 3 shows the blood-pressure, urine-flow and 1 blood-flow ieee 
the kidney in one such experiment. It will be seen, that there 
is vo evidence that viscosity plays any considerable réle in the effect of 
the gelatine. The rate of flow of blood shows no uniform diminution, 


in some is more rapid following 


| 
* 
* 
| 
3 
27 
| 
Py 2 
| 
AS 
* 
| 
* 
x 
a. 
4 
1 
1 
cS 
7 
4 
1 
G 
. 
85 „ « 
5 Fig. 3. Urine and blood-pressure as ig. 1. The vertical white lines on the 
| 
* 
Wea 
| 


COLLOIDS AND DIURESIS. 225 


We have further tested the effects of viscosity as compared with 
those of osmotic pressure by the use of solutions containing starch in 


place of gelatine, Solutions of 1 to 3% starch boiled thoroughly to 


break up the starch: grains, and solutions of 3 to 5 ½ soluble starch 
were used. Such solutions show little or no osmotic pressure. The 3°/, 
soluble starch tested in the osmometer showed a pressure of only 
2mm. Hg. The comparative viscosity of the solutions used was 
determined by measuring the time of flow of a given quantity through 
a tube of small bore. The apparatus used was kindly lent by Mr W. B. 
Hardy@. It consisted of a capillary tube and arrangements for causing 
flow under constant temperature and pressure. At a temperature of 
37 ihe and pressure of 37 mm. of water, the results were as follow: 


viscosity from average time of flow. 
Distilled water see fee vee 1 min. 5 Bec. 
Gum acacia (5 % in saline. 

Soluble starch (8 %) in saline .. 


The viscosity of the gelatine is thus but little greater and that of 
the gum acacia much less than that of blond. 

Injections of saline containing starch were given and the ofc on 
blood- flow and e studied. 


of on saline de and on the 


through the kidney. 

ne, Starch saline Sali Starch saline 
Une Rio! Urne Blood’ Blood” 

Exp. 10. ·7 27 BT 186 104 2˙2 — 
11. 2 1-7 34 29 

12. 2 38 
18. — 10 — 15 — 2˙9 — 


Fig. 4 and 5 show the effects of the alternate injections of starch 


~ galine and saline solutions; and starch as contrasted with gelatine. It 
can be seen by reference to the above data that the starch has little or 


no effect on the diuresis. A sliglitly lessened flow at times appears 
but always associated with a slightly lower blood-flow, and in con- 
sequence this effect. has been attributed to a changed viscosity as a 
result of the introduction of a viscous as ihe 


starch — 


Boe: 
4 1 
42 
2 
<4 
‘AG 
; 
1 
12 
* 
€ 
7 
ni 
* 
e 
7 
* 
| 
| 
7 
my. 
x 
‘= 
* 
— 
“a 
* 
| 
% 
* 
th 
e 
4 
1 
8 
1 
7 4 


tons were made by the differential method. 
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3. Lastly we have to consider the possibility of a poisoning of the 
kidney cells. It has been expected that any effect on the activity of 
the kidney cells will show itself in a change in the oxygen consumption 
——— 


1 


Ter · 


Fig. 4. Urine plotted as in Fig. 1. 


the oxygen consumed during the “saline period” and the “ gelatine-saline : 
period,” it may be concluded that the processes involved are physical. 
The oxygen consumption was accordingly measured. The determina- 
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It should be noted that the inhibiting effect of the gelatine on 
diuresis is not accompanied by a change in the amount of oxygen taken 
up by the kidney. The oxygen consumption remains uniformly low 
even when the output of urine is relatively enormous. The figures 


kidney is plotted as in Fig. 8. The black line just below the blood-pressure shows 


mme oxygen consumption by the kidney. 


correspond closely to those given by Barcroft and Straub for the 
resting kidney. Estimation of the percentage saturation of the blood 
showed that these results were not due to a complete reduction of 


the hemoglobin, but that there always remained in the venous blood 


a considerable percentage of unreduced hemoglobin. = == 
These facts argue for the purely mechanical nature of the effects 
under consideration. Again, still further evidence that there is no 


depression or poisoning of the cells is furnished by the fact that suc- 
ceeding diureses show no successive diminution but are equal or even 


greater as we proceed with the experiment, as long as blood-pressure 
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Our experiments then show: 


That solutions containing gelatine and gum acacia possess! 


osmotie pressure not very different from that of the blood proteins exert 
an inhibiting effect when added to saline injections. This inhibiting 
effect is not possessed by starch, a colloid without osmotic pressure, 
even when the viscosity of the starch solution is considerably greater 
than that of the gelatine. 


These effects are not accompanied by corresponding changes in blood- 
flow through the kidney and are associated with unchanged oxygen 
consumption. It has therefore been concluded that they are associated 
with changes in the osmotic pressure of the blood, and that as diluting — 


the colloids and lessening their osmotic pressure by injection of Ringer's 


solution causes a diuresis, so adding a colloid to the een Ringer 's 


solution inhibits or such a 


—. 


When hypertonic solutions of NaCl (5 % or Na, 80. (15 0 are 


injected into an animal, the effect of thus suddenly increasing the 


osmotic pressure of the blood is to cause the passage of water from the 
tissues into the blood. This hydremia has been shown by Leathes 0 


to be prompt in its appearance and almost equally rapid in its dis- 
appearance, The accompanying diuresis shows the same characteristic, 


reaching its maximum rapidly and returning to its previous state within 
a period of from 15 to 20 minutes. The experiments of Barcroft and 


Straub show that the chloride diuresis is produced without any 


increase in oxygen consumed. The sulphate, on the other hand, in a 
addition to its osmotic effect directly stimulates the renal cells, as is 
shown by the oxygen consumption and the relative amounts of sulphate 


and chloride secreted. 
Accordingly experiments were made testing the action of gelatine on 


these two types of diuresis. For this purpose we used equal amounts 


of solutions of chloride and sulphate which were approximately. equal in 


osmotic pressure. The method has been to use small quantities of fluid 
(10 cc.) for injection and to alternate such injections of the salt with 


equal quantities of the salt solution containing 12°/, gelatine. The 


results given below wers obtained with the chloride, urine-flow ml ee 


blood-flow through the left kidney, being measured. 


: chlor injection. The effect resembles very seed the effect on the 


This gelatine has thus an inhibiting action on the diuresis te 9 
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The effect. on the flow of urine following sulphate injection was next 
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diuresis caused by the ae result i is 
* me 6. 


Urine, blood-flow through the kidney and blood-pressure 
plotted as in Fig. 8. 


4 under the same conditiqns as in the experiments just described, 


9 that the chloride was replaced by ee 


20. 


on sulphate diuresis. 
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Fig 7 further shows the result of the alternative injection of 
sulphate with and without gelatine. The inhibiting effect of the 


gelatine which is so prominent with the — 5 the saline — : 


is 


„ 85 


Fig. 7. Kidney. 
plotted as in Fig. 3. 


The tendency towards a lessening of the flow of urine when the 


gelatine is added can undoubtedly be explained as due to the fact that 


the sulphate also causes hydr@mia. It is this effect of hydremiaonthe 


kidney activity which is counteracted by the colloid. The other action 


of the sulphate, the stimulation of the kidney cells, is unaffected by 


gelatine, and that portion of the diuresis is therefore not diminished 


The blood gas determinations throughout have been made by | 
Ur Barcroft. I wish also to thank him for assistance in many of 
the experiments and for in connection with 


the work. 
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SuMMARY AND CONCLUSIONS. 


Colloids which possess an oamotie pressure, such.as gelatine and gum 
acacia, are effective in inhibiting the diuresis produced by normal saline 
solution or by hypertonic NaCl, but are largely ineffective upon the 


_ diuresis caused by Na, S0. 


Colloids possessing no osmotic pressure are without such action. 
The colloids in the concentration used, cause no measurable change 


: : in blood-flow through the kidney, and do not influence the gaseous 


metabolism in the gland. 
Change in the concentration, and 2 in the osmotic pressure 


of the blood colloids, is @ factor in the production of urine in the 


glomerulus. 
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III. Remarks on strychnine- reversal in gastrocnemius. 
IV. Summary of conclusions. 


I. SrRYCHNINE AND FLEXOR INHIBITION. 


Taar strychnine changes an inhibitory reflex to an ‘excitatory 1 was 


shown in previous papers! chiefly by use of the knee extensor muscle 


vastocrureus. Incidental examination of the effect of strychnine on the 


reflex action of a flexor muscle tended to show that there also it 


converts inhibitory effect into excitatory, We have now with improved 


procedure returned to this point, using the main flexor of the knee, 


Our experiments have been made on the cat deeply anwsthetised until decerebration had 
been performed. In the decerebrate preparation the semitendinosus, the chief knee flexor, 


is isolated by appropriate nerve-sections® and detachment of other muscles so that it 
remains the only unparalysed muscle in the limb. The muscle is dissected out for its 


distal two-thirds; its nerve and blood supply enter above and remain intact. The opposite 


fellow limb is entirely immobilised by severance of all its nerves. The preparation being 


placed supine the pelvis, both femora, and both tibiw are fixed by drills held in rigid a 


supports firmly attached to the experiment table. The hind-limbs are thus immobilised 
with hip and knee joints semiflexed. The tendon of the semitendinosus under examina- 


tion is then attached by a thread to a horizontal myograph. A pair of non-polarisable 
electrodes is applied to the central stump of ß! 


I Roy. Soc. Proc. B. uxxv1. 288. 1906; this Jounal, 191. 1907. 
* Roy. Soc. Proc. B. uxxxt. 252. 1909. 
* Of. Sherrington and Sowton. Roy. Soc. Proc. B. uxxxiv. 201. 1911. 
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as of extensor has interest in the following connection. Concurrent 
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of each limb close above the nerve severance at the knee. For stimulation oie Mesias: f 


ployed faradism with an inductorium of the Berne pattern for contralateral nerve and an 


Elliot inductorium for the ipsilateral nerve. The ipsilateral nerve gives reflex contraction 


of the muscle, the contralateral gives reflex inhibition. By means of the ipsilateral nerve 
a background of contraction 
the contralateral nerve can be seen. 


The effect of intercurrent stimulation of the inhibitory (contra- 


lateral) nerve before and after intravenous injection of 3 mgm. 


strychnine hydrochloride shows the result exhibited in Fig. 1, A, B, 
and C. The inhibitory notch produced in the contraction 3 


Fig. 1. Flexor preparation; semitendinosus: ipsilateral peroneal, upper signal ; contra- 


lateral peroneal lower signal. milligram 


strychnine by an ascent marking augmented contraction: The drug 
‘reverses the character of the contralateral reflex — depressor to 


pressor effect. | 
That strychnine reversal holds for inhibition of ees centres as well 
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stimulation of a reflex centre by two or more afferents of opposed effect 


probably approaches natural conditions of reaction more nearly than 


does stimulation from one afferent source alone’. The latter can hardly — 
ever naturally occur. The centre governing twin antagonistic muscles 


can easily by experiment be thrown under the joint influence of two 


afferents of opposed ‘effect upon it. It is then found“ that the opposed 
influences, pressor and depressor, act jointly on each of the twin muscles, 
In short, double reciprocal innervation comes to work. In the case of 
any one simple reciprocal (+) reflex such as is evoked by stimulation | 


of a single reflex source alone the strychnine effect is confined to 
making that one of the two opposed muscles which normally relaxes 


contract instead of relaxing. Thus, to take the case of reflex flexion — 


of the knee from simple stimulation of the foot, the disturbance wrought 


by strychnine is that the extensor instead of being relaxed by inhibition ; | 
is: excited to contract and opposes instead of yielding to the flexor, and 


if the more powerful muscle may overcome the flexor so that extension 
instead of flexion results. But in the case of double reciprocal 
innervation the disturbance is more complex. Thus, to take reflex 


flexion of knee produced by two appropriately graded stimulations 


applied concurrently one to each foot. In this case what happens under 
strychnine is that not only is the large inhibitory component in the 


central taxis of knee extensor changed from — sign to + sign, but the 
similar though smaller inhibitory component in the flexor’s taxis is 
also similarly changed. The co-ordinative grading is upset not merely 


for one muscle but for both. 


IL YRYCHNINE AND THE PROPRIOCEPTIVE ARC OF THE MUSCLE. 


| ä—ʃ—I! -“l! 


The afferent nerve - fibres belonging to a skeletal muscle are found to 
influence powerfully the moto-neurones innervating their own muscle“. 


With flexor muscles this influence is excitatory‘; with extensors it is, 
when examined by direct stimulation mechanical or faradic of the bared 


nerve, preponderantly inhibitory*. The direct agent of stimulation of 


1 Sherrington. Integrative Action of Nervous System, 182. 1906. 
Roy. Soc. Proc. B. XXI. 259. 1909. | 
| id. B. uxzrx. 840, 1907. 
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these muscle-afferents being under natural conditions the muscle itself, 


they come under that class of receptive nerves which has been termed 


; proprioceptive’. The following experiments were directed toward deter- 


mining whether strychnine can reverse the inhibitory action of the 
proprioceptive arc and if so whether strychnine reversal of skeletal 


inhibition in general may be traced to its action on the proprioceptive arc. 


As regards the proprioceptive arc of an extensor, the ankle-extensor 
gastrocnemaus allows experimentation of this kind more readily than 
does the knee-extensor vastocrureus’. The nerve of the former 
at some distance above entering the muscle bifurcates into divisions 
which pass separately to the muscle’s mesial and lateral heads 
respectively, One of these divisions severed at entrance into the muscle 
and carefully isolated from its fellow nerve furnishes a slender nerve 


some 6 em. long (cat). By stimulating this close above its cut end the 


reflex effect of its afferent fibres can be examined. If all other nerves of 
the limb have been severed excepting only that to the other head of the 
gastrocnemius the experiment examines the reflex effect. of the afferents 
of the one head of the muscle upon the moto-neurones of the other head. 
The effect then usually seen is inhibition. And the same has been 
shown in a similar manner for other extensor muscles, namely 
vastocrureus in hind-limb and triceps brachii in fore-limb*. But in 
these latter cases mechanical stimulation only can be used since the 


afferent nerves are not long enough for applying electrical stimuli — 
without risk of spread of current to the rest of the muscle’s nerve In 
the gastrocnemius preparation there is little fear of this complication. — 


In the decerebrate preparation the inhibitory effect is easily seen since 
the tonus of the muscle renders the inhibitory relaxation obvious. The 
inhibitory relaxation is often followed on withdrawal of the stimulus by 
rebound‘ contraction; the total reflex reaction is then diphasic (— +). 
The rebound as a rule quickly tires out; when the reaction is repeated 
a few times at short interval the ee wanes and temporarily dis- 
appears, to reappear after a period of rest. 

Whether the reflex inhibition is or is not followed by rebound, a 


small dose of strychnine does away with the inhibition phase of the © 


reaction and replaces it by contraction. This reversal from depressor to 


pressor effect ensues in a few seconds after intravenous injection 
3 mgm. strychnine hydrochloride in a 2 kil. cat. 


1 Sherrington. Integrative Action of the P thgitalhs 1906. 
2 Roy. Soc. Proc. B. uxxrx. 389. 1907. 3 Ibid. 340. 1907. 
bid. B. Lxxvn. 486. 1905. 
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4 of section of the proprioceptive afferents of the reacting muscle. | 
A fact to be remembered in regard to strychnine reversal is that . 
pointed out by Seemann! who examined the influence of the drug on 
the expiratory reflex evoked by NH, vapour. He showed that there 
strychnine reverses the expiratory reflex to an inspiratory one, upsetting 
at once its fundamental coordination and its protective efficacy. The 
afferent nerve of this reflex is trigeminus“ but Seemann found the 
reversal occur only so long as vagus remained uncut, that is so long as 


the reflex tonus of the respiratory centre due to vagus remained. This 


interesting observation raises the question whether the inhibitory reflex 
of an extensor muscle will be reversed by strychnine when: the reflex 
tonus of the muscle has been abrogated by cutting the reflex are 
productive of that tonus. Strychnine increases the vagus tonus* and it 
_ increases the reflex tonus of the extensor limb muscle. This increase 
can often be seen to forerun the reflex reversal. Moreover it has been 


_ recently shown‘ that increase of the reflex excitation of a flexor centre 


by one afferent may change the effect of another afferent, inter- 
currently brought to play on it, from inhibition to excitation. 7 
The afferent limb of the arc on which depends the reflex tonus of 
the extensor muscle comes from the muscle itself and passes through 
the afferent spinal roots of the local segments to embouch through 
intermediate intraspinal neurones‘ on the moto-neurones of the muscle. 
The arc can therefore be broken in its afferent course by sectioning the 
appropriate afferent spinal roots’. When this is done the reflex tonus 
is set aside, judging (1) by the flaccid condition of the resting muscle, 
(2) by the loss of knee jerk, (3) by the non-appearance of ‘postural tonus 
in the muscle after decerebration. For our observations (cat) we have 
used the knee extensor, vastocrureus, and have severed the afferent 

roots of the 2nd, 3rd, 4th, 5th, and 6th post-thoracic nerves of 855 side 


14. Seemann, Stack. J. Biol. 188. 1910. 

Kratsschmer. Wien. Abth. uxt. 147. 1870; 
Axck. xox. 814. 1902. 

Seemann. Stock J. Biol. uv. 158, 1910; also Pftiger’s Arch. Tot. 882. 1902. 

‘ Sherrington and Sowton. Roy.. Soc. Proc. B. uxxxtv, 201. 1911. i 

5 Roy. Soc. Proc. B. xx. 845. 1907. 

* Baglioni. Arch. f. Physiol. Supp. B, 198. 1000. : . 

7 The th oth and Gh pot thorn snorting 
1092. 
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„ STPRYOHNINE REVERSAL. „ 


to Which 8 taken belonged. In most cases: this severance-was Be: 
performed a couple of hours previous to the observations, In one case 

however the severance was made ten ronths _ prior to the observations. 
In all cases the preparation was decerebrate and in three cases the cord 


was transected as well, the level of transection being between the 2nd 


and rd post-thoracic segments. All the peripheral nerve-trunks of 
both hind-limbs were cut excepting only the nerve of the vastocrureus 
muscle itself under observation, The spinal cord was transected about 
an hour before the observations were made. 

With the deafferented muscle, as with the undeafferented, the 


_ ipsilateral limb afferents such as peroneal and popliteal still exert their 
usual inhibitory influence, This can be ascertained by testing them 


apon reflex contraction of the muscle evoked by stimulation of afferents 
of the contralateral limb. With the vastocrureus thus deafferented 
administration of strychnine in the usual small dose at once changed 
the inhibitory effect of the ipsilateral afferents to an excitatory one. 
In this case therefore the tonic action of the arc on which the reflex 
tonus of the muscle depends is not a necessary condition for the 


of the reversal. 


III. STRYCHNINE AND THE IPSILATERAL LIMB REFLEX 
o ‘GASTROCNEMIUS. 


Finally we have extended to gastrocnemius (cat) observations of 
the kind made originally on vastocrureus, hoping for further insight 
into the manner in which the strychnine reversal takes place. Our 


_ preparations were decerebrate and similar to that described above in 


§ II, except that the whole nerve of the gastrocnemius of one limb 
remained intact and the afferent nerve used was ipsilateral peroneal 
severed and stimulated at. the outer side of the knee. Gastrocnemius 


‘differs from vastocrureus in being a double-joint muscle. It is an 
extensor of ankle and in addition potentially a flexor of knee. ae 


experimental analysis of its réle in various reflexes has shown that in 


them the reflex nervous taxis treats gastrocnemius as an extensor and 
deals with it as with the other extensors and not as a flexor. Before 
administration of strychnine the reflex effect on the muscle given by 


our stimulations (faradic) was invariably inhibition (Fig. 2 4, and 


Fig. 3 4) followed = 25 W contraction on cessation of the 
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238 4. @ OWEN AND ©. & SHERRINGTON. 
injection of ‘8 to 5 mgm. strychnine hydrochloride 


always rapidly changed this inhibitory effect into excitation (Fig. 2 B). 


Occasionally the change was sufficiently slow in its progress to allow 
the tracing by the myograph of a sequence of intermediate stages in 
the transition from normal to full reversal (Fig. 3). It was seen that, 
as observed previously with vastocrureus, an early feature in the 
transition is the appearance of an initial brief contraction (Fig. 3 C 
and D) preceding an 2 relaxation, the latter similar to * 


Fig 3 Gastrocnemius preparation: ipsilateral peroneal. Between A and B 
strychnine hydrochl. · 3 milligram given per venam. : 


less than that of the normal reflex. When the reflex is excited again 
at few seconds’ interval this initial contraction is more marked in : 
amplitude and duration at the expense as it were of the inhibitory 
relaxation. Finally the latter disappears and is replaced by contraction 
(Fig. 3 E, H. In the earlier stages of the transition the rebound 


contraction following withdrawal of the stimulus is greater (Fig. 3 B) 


than usual; in the final stage it is usually A 1 
as was seen previously with vastocrureus. . 


1 This Journal, xxxvi. 101. 1907, 
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of one and the same afferent fibre from depressor to pressor or in 
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One character of the transition is that the new feature, contraction, | 
first intrudes itself as an initial event briefly forerunning such of the 

normal inhibitory relaxation as at that time still persists. Now, in the 
unstrychnised decerebrate preparation the reflex response of the extensor 
(vastocrureus) to its own limb’s afferents shows! under certain circum- 
stances some initial contraction preceding the inhibitory relaxation. This 
contraction it is true occurs only under particular conditions, but that 
it occurs suggests that these afferent trunks contain besides depressor 


Fig. 8. Gastrocnemius preparation; ipsilateral peroneal. Bet weed 4 and B 
strychnine hydrochl. 5 milligram given per venam. 


fibres others which are pressor. Strychnine may therefore conceivably 
reverse the ordinary reflex effect by raising centrally the relative 


efficiency of pressor fibres commingled with the depressor ordinarily 
prepotent, In fact in all these cases of reversal whether of unstrych- 
nised or strychnised preparations the question rises whether the reversal 
is traceable to the raising of the potency of one set of fibres in a 


mixture containing two of opposed effect, or whether the determinant 


condition, for instance strychnine, actually changes the central action 


a Sherrington and Sowton. Roy. Soc. Proc. B. LxxzNI. 485. 1911. 
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the case of chloroform (Bayliss) from pressor to depressor, It 
would help decision between the two possibilities were some afferent 
nerve available which in the unstrychnised preparation invariably 
produced on a particular muscle inhibition alone under all cireum- 

stances, In the limb region such a nerve seems difficult to find“. 
With the gastrocnemius for instance the muscle’s own afferent nerve 
when bared and stimulated usually evokes inhibition in the un- 
strychnised decerebrate preparation, yet occasionally it evokes excitation, 
ie. has a pressor effect instead of a depressor. This contraction is 
not referable to escape of the stimulus to motor fibres in the uncut 
twin branch of the nerve for it occurs with mechanical stimulation 
(ligation) as well as with electrical. Indeed the afferent nerve of an 
extensor muscle, though commonly depressor to its own muscle when 
artificially stimulated, must yet commonly exert pressor action on the 
muscle to judge from its being the main or only afferent channel 
essential to the muscle’s natural reflex tonus. In this case again | 
therefore two sets of fibres, inhibitory and excitatory, seem admixed in 
the small afferent nerve, a nerve of comparatively homogeneous kind 
since gathered up entirely. from one muscular field, a field confined 
to one half of one Particular muscle. Strychnine in this case as in 
others replaces the nerve’s depressor effect by a pressor one. It might 
- attain this result either by rendering the pressor fibres prepotent over 


o> the depressor, or by actually transforming the process of central 


inhibition into one of central excitation. A certain number of facts 
may be marshalled both for and against each of these possibilities, 
but at present the evidence does not appear decisive either way. The 
— seems hardly ripe for fruitful discussion 1 now. 5 


GENERAL CONCLUSIONS. 


‘The by strychnine of inhibitory to 
effect obtains in the case of the flexor muscle eager: as well! as in 
the case of the extensor (knee-extensor). 


2. As tested on gastrocnemius the occurs with 


inhibitory reflex given by the proprioceptive nerve of the — itself — 
a well as with other reflexes inhibiting that muscle. e ak) 


This Journal, My. 816. 1898, and Roy. Soc. Pree. B, exam, 805. 1908, 
| Sherrington and Sowton. ‘This Journal, xia. $88. 1911. 
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g. The reversal occurs with the deafferented * as with the 
normal, in the spinal preparation as in the decerebrate. 
4. The reversal obtains with the ankle-extensor as with the knee- 


extensor. 


5.. There is some evidence indicating that the afferent nerves 
employed for evoking these reflexes contain fibres of excitatory as 
well as fibres of inhibitory effect. It is possible therefore that the 
reversal produced by strychnine in these cases is due to the drug 
favouring the central action of the former fibres and depressing that 
of the latter. But there are difficulties for this view, and on the other 
hand the drug may centrally transform the essential process of inhibition 
into an excitatory process, There does not seem sufficient evidence as 
yet for deciding between these two possibilities. 3 
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THE EFFECT ON BLOOD-PRESSURE OF ORGAN : 
"EXTRACTS. be JOSEPH L MILLER, MD, 
E. M. MILLER, — CHICAGO, | 


(From the Laboratory of Experimental 
University of Chicago.) 


SINCE it ve been shown that certain organs, the hypophysis and supra- 
renals, contain a marked pressor substance, efforts have been made 
to detect similar agents in other organs. A review of previous work 
reveals considerable variance in the results, which is apparently im- 
possible to explain. Two factors may be responsible for some of the 
discrepancies. It has been customary to inject extracts of organs of 
one species into an animal of another species. As for instance extracts 
from the organs of an ox may be injected into a rabbit. Pearce has 
shown that, at least as far as extracts of the kidney are concerned, 
this is a matter of considerable importance. He demonstrated that 
saline extracts of cats’ kidney when injected into a cat caused a decided © 


rise in pressure. Extracts of rabbits’ kidney when injected into a dog 


produced a fall in pressure, while extract of dogs’ kidney when injected | 
into a rabbit had a pressor effect. Extract of dogs kidney when injected _ 


into a dog always gave a fall in pressure, while extract of dogs’ kidney _ 


when injected into a cat gave a rise, as did extract of cats’ kidney when 
injected into a dog. Reviewing the literature, it may also be observed 


that a rise in pressure has: usually been found when rabbits have been oe 


used for the experimental work, It is a question whether the rabbit, 
on account of its extreme susceptibility, is a suitable subject for such 
experiments. It is possible that a second factor explaining these 
discrepancies might be the masking of the pressor effect by a depressor _ 
substance, since it has been demonstrated (Lewis, Miller, Matthews) 5 
that the anterior lobe of the hypophysis contains a pressor substance which 
had previously been overlooked on account of the presence of a marked 
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cells attached to the abdominal sympathetic. 


dould be obtained by injecting fresh extracts of liver. Vincent and 


in pressure. They found that the rise was a more marked feature than 
the fall. This peculiarity was not characteristic of kidney extracts, but 


sheep, hog, cow, and rabbit, when injected intravenously into a rabbit, 


change after kidney extract. 


in blood-pressure. In Vincent and Sheen’s observations saline extracts 
of nervous tissue gave a temporary rise in pressure followed by a fall. 
Atſter boiling, the extract gave only a depressor effect. Alcoholic extracts 
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depressor substance. It was found when the depressor substance was 
first removed by extracting with alcohol and the residue then extracted 
with normal salt, that a pure pressor effect was obtained. Our present 
series of observations were undertaken with a view of determining 
whether either of the above factors was responsible for the existing 
discrepancies. The results of previous experiments along this line are 
as follows: 

Suprarenal bodies. The presence of a pressor substance in the 
b and hypophysis has been generally accepted. In addition 
Biedel and Wiesel have been able to demonstrate a pressor substance 
apparently identical in its action to adrenalin in the clumps of chromaffin: 


Kidney extracts, Tigerstedt in a fresh extract injected into a 
rabbit was able to obtain a marked pressor effect. Pearce repeating 
this experiment was able to demonstrate that the same pressor effects 


Sheen injected intramuscularly extracts of kidney and obtained as a 
rule a double effect; viz. a moderate temporary rise followed by a fall 


common to extracts of liver, spleen, muscle, intestine and nervous tissue. 
Boiling tended to destroy the pressor substance but had very little effect 
on the depressor. From alcoholic extracts of nervous tissue, they only 
observed a depressor effect. 

Bingel and Strauss found that a saline extract of kidney from dog, 


always causes a rise in pressor of 25 to 50 p.c. This pressor substance 
they found to be insoluble in alcohol. Heating to 56° C. did not destroy 
it. Extracts of liver, testis, pancreas and brain never gave this pressor 
effect, but always a fall in pressure. With the spleen occasionally a rise 
in pressure was observed. Oliver working with the effects of organ 

extracts on the mesenteric vessels of frogs was unable to detect any 


Extracts of nervous tissue. Halliburton demonstrated that saline 
extracts of nervous tissue, including the sympathetic ganglia, gave a fall 


always lowered pressure. Osborn and Vincent found that extracts of 
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244. © J. L. MILLER AND E M MILLER. 
substance was soluble in normal salt, alcohol and ether. The sym- 


pathetic ganglia, on account of their chromaffin cells, were especially 


investigated by Cleghorn. He found, however, that saline extracts 
invariably produeed a fall in pressure. 

Thyroid, pancreas, liver. Oliver states that extracts of liver aid 
- pancreas did not have any effect on the mesenteric vessels of frogs. 


Oliver and Schafer obtained only a depressor effect from thyroid. 


Vincent and Sheen obtained only a fall jn pressure after extracts of 
liver ‘and pancreas. Joseph, using dogs, found a fall in pressure after 


extracts of sharks’ liver and a temporary rise followed by a fall, then a 


secondary rise above normal after injecting a saline extract of sharks’ 
pancreas. Popielski with extracts in acidulated water was able to 


obtain 4 rise in pressure with —— and thyroid as he did with all 


other tissues used. 


Thymus. Popielski found a pressor effect extracts 


| ‘with acidulated water injected into dogs. There was a marked and 
prolonged rise in pressure without a primary fall. He also found that 
the pressor substance is soluble in alcohol. .Popper has e a 
depressor effect after a saline extract of the thymus. 

Testis. Dixon injected spermin intravenously into cats and noted 
a fall in pressure. Binyel and Strauss failed to get any action from 
_ injeeting an extract of testis into a rabbit. Joseph injected saline 


extracts of sharks’ testis, with temporary rise in pressure followed by a ; 
marked fall. Oliver observed moderate constriction of the vessels in a 


frog's mesentery after a saline extract of testis. 


Spleen. Vincent and Sheen injected intravenously saline oxivacks : 


of spleen into dogs, cats and rabbits, producing only a fall in pressure. 
Oliver saw a moderate constriction of the mesenteric vessels in a frog 
after saline extracts of spleen. J oseph describes a depressor effect in 


dogs, after a saline extract. of sharks’ spleen. Bingel and Strauss, | 


The variable resulte mentioned above are ts dus to the 


experimental conditions being different. We have endeavoured to 
avoid sources of error by proceeding in the following way. Perfectly 
fresh organs were used in order that no change should be caused by 
decomposition. The dried organs were extracted with absolute alcohol, 
and the residue with normal salt solution; this was done since the 


depressor substance is supposed in most cases to be soluble in absolute 
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alcohol and the pressor substance to be insoluble; the reverse however 


3 holds for the hypophysis. The effect of the extracts was observed on 
: the same species of animal as that from which the extract had been 
é prepared. The extracts of the different organs were administered in a 
4 uniform manner and in the same dosage. It may be remarked that it 


is important to inject slowly and at first in a dilute form; thus if a strong 
saline extract of the posterior lobe of the hypophysis be injected rapidly, | 
a depressor effect only may be obtained, whilst if the injection be made _ 
_ ‘slowly or in a very dilute form, the pressor effect predominates. | | 


‘Dogs were used for the experiments and also for obtaining the extracts, except for the 
extract of parathyroid for which the ox was used. The perfectly fresh organs were cut 
into small pieces, immediately placed in a drier until perfectly dry, this requiring as a rule 
12 hours. The dried tissue was then powdered, ground in a mortar with absolute aleohol 
and then allowed to extract for 24 hours. This alcoholic solution was then evaporated 
and the residue extracted with normal salt. The portion insoluble in absolute alcohol was 
dried, ground in a mortar with normal salt, allowed to extract in the cold for 24 hours and 
then filtered. In this preparation one gram of the dried tissue was used and the final extract 
diluted to 10 c. Each ¢.c. contained 0-1 gram of the dried organ. The dog, after the 
necessary preparation, received intravenously first 4 ¢.c. then after a slight pause 1 c. c., 

ten after another pause 2 ¢.c., and so on until the entire 10 0.0. was injected. | 


Fig. 1. Effect on blood-pressure of injesting 0-05 grm. of dried extract of spleen. 4 
e Shows also effect of second injection of the same amount. 5 1 


Saline extracts of parathyroid, thymus, cerebrum, cerebellum, spinal 
cord, liver, kidney, pancreas, prostate, ovary and testis invariably gave 
only a fall in pressure. There was no preliminary or late rise. There 
was never any apparent effect on the heart. The degree of depressor 
action obtained was practically the same from the various organs, the 
only exception being the testicular extract which had only a very slight 
effect on the blood-pressure. On account of the reported presence of 
a pressor substance in the thymus and kidney, repeated tests were made 
but always with the same result, Saline extracts of the spleen prepared 
in the same manner invariably gave a rise in pressure. With few 
exceptions, this was decided in character, usually, but not always 
followed by a secondary fall, always, however, of a less degree than 
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the previous rise, then a gradual return to the previous level. The 
maximum rise in pressure was from 114 mm. of mercury to 146 mm. 


In this instance there was no secondary fall (Fig. 1). When a water 


extract was prepared from a fresh spleen, the action was pista a 
depressor one. 

Alcoholic extracts redissolved in normal salt were without effect on 
blood-pressure in the case of liver, kidney, pancreas, spleen, parathyroid, 
thyroid, thymus, prostate, ovary and testis, and anterior lobe of the 
bhypophysis. Alcoholic extracts of all nervous tissue contained a de- 
pressor substance. The absence of any marked cardiac or respiratory 
disturbances from these extracts is in striking contrast to the effects 
obtained from injecting extracts prepared in a similar manner from 
either the anterior or posterior lobe of the hypophysis. Prolonged 
heating in the autoclave destroyed the depressor substance present in 

the brain and anterior lobe of the hypophysis, but did not materially 
affect the depressor substance in the posterior lobe of the hypophysis. 
This is suggestive of a specific depressor substance in the ren as 
has — suggested by Schafer and others. 
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THE MALE _ GENERATIVE CYCLE IN THE 
HEDGEHOG; WITH EXPERIMENTS ON. THE | 
FUNCTIONAL CORRELATION BETWEEN THE > 
ESSENTIAL AND ACCESSORY SEXUAL ORGANS. 

By F. H. A. MARSHALL. 


‘THE 3 which occur during the cestrous or female 8 si 


and the functional correlation subsisting between the various organs 
concerned Have formed the subject of recent research by several in- 


_ vestigators'. It has been shown that in mammals the processes of 


maturation and ovulation are confined normally to certain definitely 
restricted periods which usually recur rhythmically, and further, that 
the changes which take place in the uterus bear a close relation to 
those going on synchronously in the ovaries, thie relation being 
apparently dependent upon the existence and functional activity of 
ovarian internal secretions which circulate in the blood. In the present 
paper it is proposed to deal with the corresponding phenomena in the 
male organism, and more particularly to describe a series of observations 
and experiments upon the reproductive organs of the male hedgehog, 


in which the cyclical changes are considerably more ee than 


they are in most other animals. 


The 8 species of Mammalia do not exhibit the same 


degree of sexual periodicity as that shown by the females, In some, 


however, there is a definite period of rut at the same time as the sexual 


1 Heape. Quart. Journ. Micr. Sei. 1900. For so 1. . | 
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“PHYSIOLOGY OF SEXUAL ORGANS. 


season in the female. In animals mature ore pro- 


duced at rut and not ordinarily at other times, at least so far as is 
known. Probably in the majority of wild animals the reproductive 


functions are restricted to recurrent seasons of rut, but in the domestic — | 


animals the tendency towards this limitation is more or less obscured 
though still often marked. Thus, in winter or under adverse conditions 


of environment the sexual capacity may be reduced. Nevertheless 
it is undeniable that the power to reproduce is more extended and 
less limited by seasonal periodicity among the males of domesticated — 
animals than it is among related wild varieties or species, and this 
increased capacity is probably due to the favourable surroundings and 


conditions of comparative luxury amid which domesticated animals are 


reared. The power to generate in the male mammal is apparently 


extended equally over the entire rutting season and is not restricted to 
recurrent periods comparable to the castrous periods of the female, 


these latter being separated by resting intervals of short duration 
though falling within the limits of a single breeding season. It would 
seem, however, that there may be a slight tendency towards the 


rhythmical recurrence, at short intervals, of periods of increased sexual 
activity in man. In the lower animals, as far as is known, there are no 
such periods, the capacity to breed at a given time during rut appearing 
to depend upon other factors, and largely upon the extent to which sexual 
intercourse has taken place previously during the season in question. 


The approach of rut is marked by the growth of the generative _ 
organs, and especially of the testes, associated with the formation of 


spermatozoa. In some Mammalia these processes are accompanied by 
changes in the anatomical position of the testes. 


In birds the periodic increase in size undergone by the testes is > 


always considerable and sometimes enormous, This was pointed out 
by Aristotle. Gadow“ remarks that the testes of the house sparrow, 


which during the non-breeding season are often no bigger than mustard- 
seeds, at the approach of the pairing time (in April) become as large as 


small cherries. Disselhorst“ states that in the finch these glands 
increase three-hundred-fold. According to Wilson‘ the first sign of an 


enlargement of the testes takes place about the third week in February _ 


in the red grouse (in Scotland). In May they have increased about 


1 Aristotle. De Generatione . Platt’s Translation, Oxford, 1910. 
*Gadow. Article in Newton's Dictionary 
Disselhorst. Amat. Ans. 1908, 
1 Wilson, Grouse in 1911. 
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twenty or thirty times, having in the meantime 8 white and fatty 


in appearance, instead of small and deeply pigmented. I have noted 
similar facts in regard to starlings, thrushes, blackbirds, rooks, and 
many other common birds. Patten? who has also paid some attention 


‘to this subject states that the maximum size in the testes in many 
_ common birds is reached about a fortnight before the hens first begin 
to lay. The increase is partly due to the great enlargement of the 


tubules of the gland, this enlargement being correlated with active 
sperm proliferation. After the breeding season is over the ‘testes estes: 
become reduced. 

In Monotremata, there is 4 to be a single annual breeding season, 


| but as there are no vesiculs seminales or prostate glands the changes 


which occur in the male generative organs must relate almost solely to 
the testes. These organs, however, remain permanently in the body 
cavity as in lower vertebrates and do not descend into a scrotum during 


rut. 


Nothing appears to be definitely known about the male generative 


cycle in Marsupialia. The testes in this order of mammals remain in 


the scrotum throughout the year. Probably however there is a rutting 

season corresponding to the female sexual season. 6 
In the Rodentia the testes undergo periodic enlargement in size 

and change of position (excepting in the Leporid in which these 


organs appear usually to remain in the scrotum throughout the year), 


After rut the testes pass back from the scrotum into the abdominal 


cavity where they remain till the onset of the next rutting season. 


In most species this begins in the early spring and extends until the 
summer or sometimes later. At any time during the rutting season 
the males are capable of copulation whereas the females experience 
recurrent cestrus interrupted by periods of rest or by pregnancy. During 
the height of winter the reproductive capacity of male rodents is 
minimal or non-existent, so that even in tame rats or rabbits kept in 


captivity it is often hard to find fully developed spermatozoa in the 
testes or other parts of the generative tract. Owen“ remarks that 


the periodic enlargement of the testes is especially marked in rats and 
mice. | 
In most male Ungulata there is a rutting season occurring syn 


chronpusly with the female sexual season. In the domesticated kinds, 


however, it is evident that in the case of the male the restriction is 885 


1 Patten. Brit. Assoc. Report, Sheffield Meeting, 1910. 
Owen. 
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indefinite and may be non-existent. This is indicated by the fact that 


ewes which abort at mid-pregnancy or even later may come in use 
subsequently at an exceptional time and succeed in getting served by 


a ram’. There is no doubt however that a ram which has served 


the usual number of ewes (about forty or fifty) at “tupping time” is 


generally exhausted, and that the testes seem to become smaller and 
tend to be drawn upward in the scrotum but without passing into the 


abdomen. In the boar in a state of domestication there appears to be 
no restricted time for rutting, and a similar remark may be made about 
the male goat, the bull, and the stallion. On the other hand in all 
these animals the sexual capacity is variable, but there is no obvious 
periodicity such as occurs in the female animals. 

In the wild species the males experience a periodic rut, but the 
testes though increasing in size do not appear to change 1 in position, at 


any rate not to any appreciable extent. In some species (¢.g. deer) the 
activity of the generative organs is accompanied by the appearance of 
secondary sexual characters which develop at the approach of the 
breeding time and vanish after rut is over. The periodic growth of 
the antlers in stags is a familiar instance of this kind of correlation. 
The prong-buck (which alone among hollow-horned ruminants usually — 


sheds its horns) is another example. The accessory sexual glands (e.g. 
the perineal glands) in musk deer and other kinds of deer are commonly 


believed to serve as a means of attraction en the sexes and are 7 


especially active during rut. 


The temporal gland of the male elephant is stated to show an . oe 


increased activity during rut, but the periodicity in elephants in 


captivity is very irregular and in the great majority of cases they refuse 


to breed at all!. 


In all Ungulata which experience rut, this season is one of great 5 
sexual excitement,. At other times the males of many species herd i 


together apart from the females. 


It is interesting to note that the male camels in the Zoological a 


Society's Gardens in London experience rut in early spring (or at the 
same time as the wild camels in Mongolia) i in spite of the e in 
climate and the fact that they are kept in captivity’. 

Male Carnivora kept in captivity or under domestication do. not 
usually experience any definite rut. The dog and cat are apparently 


able to breed at all times, but Cocks states that the male wild cat in 


1 Marshall Phil. Trans. B, oxovi. 1903. 
? Morgan. Esperimental Zoology, New York, 1907. 4 Loc. cit. 
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captivity bas a recurrent rutting time during which it calls loudly and | 
the breeding habits of land Carnivora in their natural state. The males 
seals after coming to land may live for over a hundred days without 
taking food, and that during this period they are constantly engaged 

extreme emaciation. 
are especially pronounced. Thus, in the mole in December the testes 
_ difficulty to distinguish the males from the females. From January 
which culminates in March, when the testes are protruded into ace 


enlargement and conceal the bladder at the end of March. Pairing 
and correspondingly reduced, and so the annual cycle is repeated. In 


testes In the hedgehog the male organs undergo similar ‘periodic 


The breeding season extends from April until August or September: 


| 1 is presumably a definite male rutting season. 


would seem likely therefore that the males of these 1 have a 
in rutting“. | 
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displays great sexual excitement’. Little or nothing is known about 


of seals have a regular rutting time, which in some species at any rate 
is a period of complete fasting. Thus it is stated that the male fur 


in struggles with other males, finally leaving the shore in a ‘state of 
In the Insectivora the periodic changes i in the wale e eien 
are on each side of the bladder, and externally it is a matter of great 
onwards the male generative organs undergo a progressive increase 
near the base of the tail. The prostate glands also undergo an enormous 


takes place at about this time, or in April, or sometimes as late ‘as the 
first part of May. Subsequently the generative organs become quiescent 


the Cape mole there are probably comparable changes, the convoluted 
course of the vas deferens indicating an alteration in the position of the 


changes which are described below in dealing with their histology. 


The shrew also has a rutting season which may last from April until 
November. The testes in this animal become enlarged and pass into 
temporary receptacles in the perinzeum, but there is no true scrotum“. 0 

In European genera of Cheiroptera, which hibernate during Abe 
winter, oopulation takes place regularly in autumn before they enter on 
their winter sleep, the spermatozoa remaining stored up in the uterus 
of the female until the succeeding spring. In these animals, e a 


Among the Primates it has been shown that there is r 
4 a breeding season for certain species of monkeys in parts of India. It 


18 Latter to the author. 
2 Owen. Loo. cit. 
Heape. Phil. Trans. B, cixxxv. 1504 and 2607. 
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The evidence of a pairing season in primitive man has mn 5 
discussed elsewhere. Apart from this question Havelock Ellis and 
Percy Oostel state that there are indications of a rhythmic regularity . 
ai the sexual functions of men under conditions — — 


af 


| That the accessory sexual of the male 
a periodic metamorphosis was briefly commented on by Owen! More 
recently Griffiths“ has described the histological appearances presented 


by the hedgehog’s prostate glands during quiescence and activity, as 


well as those of an intermediate stage. Griffiths e does not te 


deal with the other sexual organs. ne 


In the present investigation hedgehogs were killed at all seasons of i 
the year, fourteen males showing different degrees of generative activity 


having been employed in addition to the animals referred to in the 


experimental enquiry described below. The animals killed during 


winter were obtained before hibernation and were kept for several 


months in captivity, The sexual organs were in nearly all cases 
preserved entire (excepting for the copulatory organ) and sections en 


afterwards cut, 


In this country, according to Millais“ the hedgehog ee . 
litters in May or June, and again in August or September, but the 


gondition of the male organs as late as the beginning of October would 


seem to indicate the occasional possibility of breeding almost up to 


that time. During September or October the sexual organs rapidly 
become smaller, until in mid-winter the accessory glands are not easily 


discernible. The increase in size begins about the end of March 


(shortly after the close of the hibernation period). By the middle of 


April it is considerable, the organs having at that time reached about 
one-third of their full dimensions. Complete development i is attained | 


to in May; and throughout the remainder of the spring and summer 


their condition is approximately the same, As remarked by Oudemans“ 
the sexual organs of the rutting hedgehog in proportion to its size pee 5 


more strongly developed than those of any vege N 


é 1 Ellis. ‘Prychology of Sez, u. Philadelphia, 1900. 
2 Owen. Loc. cit. 


* Griffiths. Journ. of Anat. and Phys. xxry. 18900. 
* Millais. The Mammals of Great Britain and Ireland, L London, 1904, 


Oudemans. Dia Geschlechtsdrisen der Haarlem, 10 
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Apart aes the testes, the organs concerned with reproduction are 
the vesiculs seminales, the prostates, Cowper's glands (in the muscle 


of the urethra); and a pair of additional glands (outside the pelvis on 


the buttock) considered by Linton! to be ui generis but sometimes 


regarded as representing Cowper's glands. . 


The testes become considerably enlarged with the approach of rut 


but apparently not to the same extent as in the mole with which, 
according to Regaud? and Lecaillon’, they incréase sixty-four times in 
size. During the winter the spermatogenetic function is in abeyance, 
but active spermatogenesis is going on in April, at the end of which 


month numerous free living spermatozoa may be found in the genital 


passages. The increase in the dimensions of the testes is due partly to 
the growth (both in size and number) of the seminiferous tubules — 
associated with spermatogenetic tissue, but even more largely to the 
- proliferation of the interstitial cells. The result of this process is that 


during rut the seminiferous tubules are often widely separated, especially 
in the more central portion of the testes. Blood vessels of considerable 
size are not uncommon in the inter-seminiferous tissue, but they 
disappear when retrogression. sets in. After October the seminiferous 
tubules are brought into almost close contact, and the entire organ 


remains comparatively small and eee throughout the remainder of ; 
period of rest. 


‘The testes do not descend into a scrotum during the rutting season 


as occupy: sac-like continuations of the abdominal cavity in the 


neighbourhood of the gens where during rut they may be esac 


9 the exterior. 


The increase in size of the seminales is more 
shal that occurring in any of the other sexual organs, because on 


. dissecting from the ventral surface these glands are seen to stretch 80 
_ far forwards as to obscure the neighbouring viscera in the body cavity. 


In winter they are hidden by the urinary bladder. The weight of the 
vesiculss with their contained secretion from a hedgehog killed in 
August was found to be about 6 grams, whereas that of one killed in 


January was only 1 gram. Comparisons with other hedgehogs killed 
| respectively i in summer and winter showed that these two animals were 
- typical. in regard to the development of the sexual glands at these 
Seasons Near the end of April the were’ 


1 Linton: Anat. dnt 1907. 

2 Regaud. C. R. de Anat. 1904. | 
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954 PHYSIOLOGY OF SEXUAL ORGANS. 
one-fifth: developed and already to contain the characteristic secretion. 


In May they had reached their full size which they retained until — 3 
September or October. They contained a secretion during the whole 


of that time. After the middle of October (or sometimes a much 


earlier date) the glands began rapidly to diminish and the secretion o 


be much reduced in quantity. 


During the active stage the epithelial cells of the acini were long 


aid cylindrical, and their protoplasti appeared to contain granules. 


At the resting time these cells were smaller and almost cubical in 

— as described by Rauther to be their condition in September. 
There has been some controversy regarding the function of the 

3 vesiclés in mammals, According to one view they are re- 


ceptaoles for the spermatozoa preparatory to seminal ejaculation. Hence 


their name. Thus, Rehfisch* states that fluids injected into the : 


testicular end of the vas deferens enter the vesicules before passing out 


by the urethra. According to Misuraca* in dogs and cats which do 
not possess vesiculs the spermatozoa disappear from the genital passages 
a week after castration, if not sooner, whereas in guinea-pigs which have 
a seminal vesicles, living sperms. may be found three weeks after 
the extirpation of the testes. This is regarded as evidence that the 


vesiculg act as seminal reservoirs. In rabbits, which also have no 
vesiculm, spermatozoa have been found alive in the vas deferens at 


least ten days after castration‘. Certain of the older writers state that 
they found spermatozoa in the vesicule seminales of the mole and the 


hedgehog during the breeding season, but: these observations do not 


appear to have been confirmed“. On the other hand Landwehr‘, | 


- Camus and Gley’, Sobotta“ (for rodents), and Rauther® (for rodents 


and insectivores) have recorded the recurrence of definite secretions — 
from the seminal vesicles. According to Kolster” the epithelial cells 
‘the vesioule in elk undergo desquamation 


wre ond mac end any 


Rehfisch. Deutsche med Mock. xxn. 1896. 


5 2 Misuraca. Rivista sper. di Frenatria, xv. 1890. 
25 „Marshall and Jolly. Phil. Trans. B, oxovm. 1905. 


For references. see Marshall. The Physiology 1910. 


bandwehr. Pfliiger’s Arch, xxm. 1880. 
7 CamusandGley. C. R. de la Soc. de Biol. rv. 1897. 
Sobotta. Arch. f. mikr. Anat. MV. 1805. . 
Rauther. Jenaische Ztechr. xxxvm. 1908. - 
Kolster. Arch. f. mikr, Anat. tx, 1892. 
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activity. Akutsu’ also has described these cells as undergoing func- 


tional changes, being said to contain more — during rest than 


during activity. 


I have made microscopical éxeminations of the vesicule seminales 
of the hedgehog at all seasons of the year, and in no instance have 1 
been able to discover spermatozoa, even after the most careful search 
and during the middle of the breeding season. On the other hand I 


_ have never failed to find abundant evidence of secretory activity during 
rut (as already mentioned). The glands contained a large quantity of 


a white or yellowish-white fluid, which on examination under the 


‘microscope was found to consist mainly of very numerous floating 
_. particles resembling irregularly shaped crystals. They are different in 
appearance from Bottscher’s crystals which are formed partly from 
prostatic spermine, and from the crystals of Lubarsch which occur in 


the tubules of the testis. They do not appear to have been recorded as 
occurring in the vesicule of rodents or other mammals, and 80 are 


possibly peculiar to those animals which undergo a very extensive 


development of the vesicule during rut. Dr Hopkins undertook to 


examine the crystals chemically, and his observations are = in x 


an Addendum to this paper. 

From the above described observations it is clear that in the 
hedgehog if not in other mammals the vesiculw seminales are essentially 
secretory glands probably contributing to the formation of semen, and 
are not receptacles for storing spermatozoa. Their great size and the 
quantity of secretion formed in them seem, however, to suggest that 
in the hedgehog at least they must possess some more pe oetwR 
function than that merely of diluting the seminal fluid. 

The changes undergone by the prostate have been described. by 
Griffiths with whose observations mine are in general agreement. 


During winter the organ appears as a small glandular structure at the 


beginning of the urethral canal. The epithelial cells of the tubules are 
cubical in shape. In March the organ is two or three times enlarged, 
the tubules of which it is composed being much more. numerous and 


extensive. Meanwhile the epithelial cells are in process of elongation. 
During the active stage the prostate gland is from eight to ten times 


its former size (when quiescent). The tubules contain a secretion, and 
the cells forming their epithelial lining are columnar. In the autumn 
when the breeding season is over the organ undergoes retrogression, 


5 the tubules becoming once more reduced. The changes which occur 


Akutsu. Finger ort. 1908. Griffiths. Loe. cit. 
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are pronounced, but uot so much 10 a8 in the caso of the ele- 


seminales referred to above. 


The second prostates or so-called Cowper's glands (which lie outside 


of the pelvis close to the root of the penis) also undergo cyclical 


changes as described by Linton“. During the breediug season the 
secretory acini of these glands produce a quantity of fluid containing 


small round bodies the nature of which has not been determined. 


During the non-breeding period the secretory tubules are inactive and 
much reduced in size and the gland consists largely of connective 5 


tissue. 


The Cowper's of Leydig (Which are probably 
- with Cowper's glands in other mammals) likewise appear to pass 
through periodic changes of activity and rest. During the breeding : 

glands 


In view of the exceptionally great changes undergone periodically — 
by the sexual organs in the male hedgehog it seemed that this animal 
was peculiarly suitable for an investigation undertaken to elucidate the 


nature and extent of the functional correlation subsisting between these 
organs. The following series of experiments in which the animals were 
castrated or vasectomised, either completely or unilaterally, was 80. 
cordingly carried out: 


(1) Both testes were removed from a hedgehog in March „ ; : 
the beginning of the breeding season. At the time of the operation“ the 
accessory generative organs had not begun their periodic increase in size, — 


at least so far as could be observed. Two months later it was found 


that these organs were still undeveloped and quiescent, but no changes | 


that could definitely be said to be atrophic were noticed. 


(2) Both testes were removed from a hedgehog in the very early . 
part of the breeding season, the accessory generative organs being about 


half developed. Six weeks later these organs were found to be practi- 


gaily unaltered as regards size, although those of other, unoperated 
hedgehogs were at that time fully developed and functional. It was 
_ Clear, therefore, that the extirpation of the testes had arrested the further 5 


growth of the vesicule seminales and other sexual organs. 
ay Linton, Loe. eit. 


Binee castration he prin, pl 
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lately begun their periodic growth. Three months afterwards both 
vesieule were found to be equally developed and actively secreting. 


MARSHALL. 


(89) The left testis only was removed from a hedgehog early in the 
commencement of the breeding season when the sexual organs had only 


The other accessory organs were * normal. The remaining 


testis (right) was well developed. 


(4) The right testis only was removed very atti in the breeding 


Season as in the preceding experiment. The result also was apparently : 
_ identical, both vesicule-being found to be normally developed and in a 


state of active secretion three months later when the hedgehog was 


(5) This experiment was identical with the g one, the 


: right testis only _ removed, The result after three months was 
similar. 


(6) Both vasa deferentia were W088 about the middle of their 


| length i in a male hedgehog in March before the beginning of the breed- 
ing season. Four months later the testes and vesicule seminales 


appeared superficially only to differ from the normal in being somewhat 


small. The vesiculs contained the characteristic secretion. Spermato · 


genesis appeared to have begun in the testes, but the fate of mature 


spermatozoa, if such were produced, was not determined. 
) The right vas deferens only was cut very early in the 


beginning of the breeding season. Three months later the vesicule 


seminales were found to be normal and in a condition of active secretion, 
the other glands being also normal as far as was observed. The right 
testis, however, was found to be only about two-thirds the size of the 


leſt one, this result having perhaps been brought about through the 


cessation of sperm production resulting from the absence of outlet for 
the mature spermatozoa. 
(8 and 9) In these experiments only one vas deferens was tran- 


sected. The vesicule seminales appeared to continue to undergo 


growth, but as the hedgehogs, although completely recovering from the 


operations, died from some other cause within a month, the results 


cannot be regarded as satisfactory. 


organs in the male hedgehog. Moreover, since unilateral enstration hae 


In all the vasectomy experiments the spermatic cord and vascular 
eonneetions of the testis were left intact. 

The experiments demonstrated very clearly the existence of 8 4 
functional correlation between the essential and accessory generative 
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and other organs, and since . vasectomy, either unilateral or aes 
. likewise had no inhibitory influence, there is strong evidence that the 
cpolioal changes in the accessory glands are not brought about through — 
stimuli set up by the external testicular secretions or by means of the 
nervous system, but by substances carried from the testes in de 


circulating blood. 


The results of the experiments, therefore, are in general agreement | 
ith the theory adopted by Shattock and Seligmann’, Nussbaum’, i. 
Steinach“, and others that the testis is an organ of internal secretion. — 
Assuming that this is the case, it is clear that in the hedgehog 


the internal testicular secretion acts periodically and not continuously. 
Moreover, it would seem probable that the great development of 
interstitial tissue which occurs at the beginning of the breeding season 
is in correlation with the contemporaneous hypertrophy of the vesiculze 
seminales and other accessory glands. If this is so, it is in conformity 


with the view adopted on experimental evidence by Ancel and Bouin 
and by Copeman’, that the problematical internal secretion of the 
- ‘testis. is elaborated by 


i The 8 are the main conclusions which have * 8 — 
ey The males of most if not all wild mammals experience adefinite — 
inte cycle, the testes and accessory generative organs passing ‘through 


alternate periods of rest and activity, but in the domesticated varieties 
and in man the period of rest is liable to be much or 


absent altogether. 


Proc. Roy. Soe. Lxxit. 1904, 
2 Nussbaum. Erpeb. der Anat. und Entwick. xv. 1905. 
Steinsch. Zutrib. f. Physiol. 1910, No. 18. 
Angel and Bouin. Arch. de Zool. Exp. 1. 1908. 


See Copeman. In a Paper read before the Physiol. Soc. 1908 but 05 published. | 


Copeman, In the Phy os 1908 bt not 
accessory generative glands in animals. Walker, however, has recently published the _ 
results of an investigation on this subject. His experiments were upon white rats. The 


general conclusions reached are that whereas extirpation of the prostate together with the 


vesicule seminales (though not inhibiting sexual capacity) causes sterility, the removal of : 


either of these organs independently does not necessarily (or even generally) produce 


sterility (Johns Hopkins Hosp. Reports, xvi. 1911). Iwanoff, however, has shown that 
the: femiales of various rodents could be successfully artificially inseminated by the 


e et de Path. Gen. 1. 1900). 
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0 In the male hedgehog the period of ‘activity extends usually 
pois about the beginning of April until sometime in September, the 


acquiring enormous proportions at this time, after which they become 
very much reduced in size until the. eee of the next een 
season, 
(3) The are secretory not contain 
spermatozoa either in the hreeding or in the non-breeding season. 
oe (4) Complete castration: during the period of rest prevents the 
pci development of the vesicula seminales and other accessory 
. male organs, or, if such development has already begun, arrests its 
flupther progress. Unilateral castration, however, does not inhibit: the 
growth of the,accessory organs and has no effect on 
arrangement of these organs. 
(5) Vasectomy, either unilateral or e does not inhibit the 
growth of the vesiculw seminales or other acbessory organs, but uni- 
lateral vasectomy may prevent the full development of the testis on the 
es side of the operation, as compared in size with the testis on _ 
| unopersted side. 
a (6), The periodic development of the accessory organs is not due to 
5 t set up by sperm ejaculation, but is probably the result of an 
internal testicular secretion elaborated in the interstitial tissue 1 8 
the season of generative activity. 


— 


Aadendum: A Note on the Chemistry of te 
Re Fluid of the Hedgehog. 


By F. GOWLAND HopKINs. 


From the glairy milky fluid expressed from the vesiculs 8 
the suspended crystalloid material observed by Dr Marshall and men- 


3 a tioned in his text was found to separate easily on centrifuging, the 


: supernatant fluid being then clear. By successive treatment with 
normal salt solution and water (in neither of which is it soluble) the 
centrifuged precipitate could be entirely freed from the other con- 
stituents of the vesicular fluid. Microscopically it was composed of 
transparent, somewhat irregular, masses closely resembling small, 
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accessory generative organs, and more particularly the vesicule seminales, 
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in formed, crystals of edestin. On chemical examination it’ proved to 
be a protein containing phosphorus. It exhibited typically the biuret, — 


xanthoproteic, Millon, and glyoxylic reactions, while the residue ob- 


tained after fusing 0°1 grm. with carbonate of soda and nitrate of potash 


gave, when dissolved in nitric acid, a well-marked yellow precipitate 
with ammonium molybdate. Somewhat remarkable is the faet that 
even prolonged boiling with water affected neither the form, nor the 


complete transparency, of the crystalloid masses. Their appearance 4 
was also unaltered by prolonged standing under alcohol. The protein 


differs from most phospho-proteins in its resistance to solution in 


alkalies. In sodium carbonate solutions it scarcely dissolved at all. 


In dilute sodium hydrate it could be dissolved, but apparently not 


without decomposition. On acidifying its solutions in the latter an 
amorphous precipitate fell, and there was well-marked evolution of 


hydrogen sulphide. 


Its insolubility in alkali carbonates explains its separation from the 


vesicular fluid, which itself bas a slightly alkaline reaction. On boiling 


with dilute hydrochloric acid. the crystals slowly dissolved, and the 


solution reduced Fehling’s reagent. 


be material available was not sufficient for a quantitative analysis, 
and I was unable to devide whether purin groupings were present.’ 


+ ‘This erystalloid insoluble substance certainly formed a large pro- 
portion of the total proteins of the vesicular fluid, and the separation of 


such a protein in quantity from a physiological secretion in sifu seems 


to be a somewhat remarkable and exceptional phenomenon. In the 


clear portion of the fluid albumens and globulins were present in small 


amount. 
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A NEW FORM OF DIFFERENTIAL MICRO-CALORI- 


METER, FOR THE ESTIMATION OF HEAT 
PRODUCTION IN PHYSIOLOGICAL, BACTERIO- 
LOGICAL, OR FERMENT a 


Fellow of Trinity Cambridge. 


the Physiological Laboratory, 


In the following is given an of a means 
which one may determine the heat produced in long periods of time 


by small cold-blooded animals, by plants, or by microorganisms. The 


method is in some ways analogous to that of Rubner although it was 
developed quite independently and before I knew of his work. As regards 


ease of application and sensitivity it has, I believe, important “er 
ever Rubner’s method. 


In designing the apparatus described below two objects have boon 


kept in view, viz. (i) ease and accuracy in working, (ii) simplicity and 


cheapness i in construction. The former implies the possibility of work- 


ing. without complicated thermostats’, in an ordinary room whose 


variations of temperature may be considerable: this is possible only 
by a differential method where errors due to external causes are 
automatically eliminated. Also continual observation (as in a “null” 
method) should not be necessary. The latter presupposes the use of 


such materials as are available in most 


obtainable commercially. 
The principle adopted was that of using narrow-necked, . 


Dewar flasks, arranged differentially. The type which I found most 
| convenient was the “refill” of the common thermos or vacuum flask. 
These are cheap, good, and of a convenient shape. The experimental 


2 Of, loc. eit. 
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MICRO-CALORIMETER. 


fluid, or solids and fluid, is put into one of these: a corresponding : 
amount of water is put into another: consequently changes occurring — 


outside affect both equally. A copper-constantan thermo-couple, con- 


nected to a sensitive galvanometer, is arranged with one junction in 
each flask, so that the deflection of the galvanometer mirror gives the 
difference of temperature between the two flasks. It is this difference. 


which is increased by the heat-producing activity of the te 
organisms. 


Owing to the exceedingly good insulating properties of the vacuum 
flasks the hest-loss is so small that experiments can be conducted ovẽer 
long periods of time. In experiments however of more than 2 or 3 hours 
it is advisable, and in experiments of more than 10 or 15 hours it is 


essential, to calculate the loss of heat by conduction to the outside. 


This calculation can be done only under certain conditions, a discussion 
of which must be prefaced by a short account of - laws — = 
loss of heat by these vacuum flasks. 


in sk in 
Let T, be the external temperature of the room. 3 


ilvered flasks for which radistion has little effect. It must however be tested. A boo 
test is afforded by Rubner’s calibration of his instrument“. A flask holding 250 c.c. was 


warmed up by an electric current C passing through a coil of resistance R, until after some ten 
hours equilibrium was attained : i.e. the temperature of the flask reached a constant value 
(above that of the room), at which the loss of heat by conduction exactly balanced the heat 
produced by the coil. T- T.,] is measured and also C, the current, . The loss of heat by 
conduction k IT- 75] is equal to RC*/4-16 cal. per see., the rate of heat production by the 
coil. Bubner found that k is exactly constant, the quantity of heat lost per hour is 


* 


Equilibrium value of T — T] 46°C. 1.67 3185 


Heat lost per hour+ IT .) 4685 l. 458 45-0 45-4 
Some experiments done hy myself show tbe same plleet, 
if two flasks with the same conductivity constant & for loss of temperature be allowed to 


cool from temperatures T0 L 4 and T, +4’, the difference of temperature 7 N = 


T-Ts(4- 40 
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provided the laws of conduction hold. An experimental test of this equation would justity 

our use of these laws of conduction. A thermo-couple had its two ends placed one in each 
flask, and at intervals readings were taken of the difference of temperature between the 


T-T’=(A4 


“TABLE. 


A 


W „ 61: 01. 


. 100 959 914 876 836 806 747 704 
Dittocaloulated 100 957 877 888 804 747 70-4 


(ji) in 1 2 B88 487 654 675 


Dif. oftemp.observed. 100 947 905 87°4 79 78˙6 
Ditto calculated 100 965˙9 4 .7956 56. 


These experiments, chosen entirely at random from many, beat 
from a Dewar flask follows the laws of — and that we may assume 
— | 


Let us assume therefore that we are using two flasks, scoonding to 
the differential method, with one junction of a thermo-couple in each. 


Then the quantity which we observe experimentally is (7 - 7”), where 


T is the temperature of the flask containing the experimental material, 


4 and 7” is the temperature of the control flask containing sterile fluid. 
The temperature 7’ of the experimental flask tends to increase by the 


liberation of heat inside it, and tends to decrease by conduction to 208 
at rate .J. Hence we have 


d rats of heat-liberation inside -l. 
heat capacity of flask and fluid 
Let A be the initial value of T. ee thi uation 
we have | 
‘aT 


Te term on the left-hand sidé is — — A}, the total of 


tae of the a Hence we have 


for the ‘control flask i in which there is of 
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In both these equations, (I) and (i), T, is unknown: the chief 


desideratum of the differential method is that it should be possible to 


work in any room, or any incubator, where J, the external temperature 
is allowed to vary within certain — 


equations (I) and (II), we find 


, , total heat liberated in time? dt, 


Now the quantity whieh we desire to know is the term « total heat : 
liberated.” We know (T 7”), that is the quantity which we observe; 


and (A — A’) is merely the initial value of (T- 7). Hence if we can 


evaluate the integral we shall be able to obtain the quantity we require. : 
Phis integral, which represents simply the loss of — 22 con- 


duction, written 


and ‘are unknown, and 7.1 function of t. 


ae, and (7'— 7") is from the | 


tions. The expression (III) becomes therefore simply & times the area 


of the curve e the difference of temperature to the time. — J : 


we have 


1 — 44 


Therefore 
Total at berated (teat expat) (4- (arn of carv)} 


“ “has the total heat liberated in any time can be directly and Simply 
obtained from observation of the difference of temperature between the 


experimental and the control flasks: provided that the coefficients of 


conductivity of the two flasks for loss of temperature are exactly the 
ame, If not, the only method available is that adopted by Rubn er, 


the very exact regulation of the temperature I, of the space in which 
the flasks are situated. At ordinary room temperatures such a regula- 
tion is ‘extraordinarily, difficult: Rubner always worked at higher 


temperatures. But for physiological experiments it is necessary to 


at room temperatures: cold-blooded animals go rapidly into rigor at 


34° C Hence, if the method is to be pushed any further than Rubner 
bas done we must be able to obtain — : 
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conductivities ‘for loss. of temperature. This was at first sight a 
very diffieult. problem. Anyone who has bad to deal with these vacuum 
flasks will have realised that some are much better than others. Liquid 


air will remain for days in some flasks, while in others it will boil away 


rapidly. It seemed at first as though by buying enough flasks it should 
de possible to sort them out very well into pairs. It turned out however 
that although 14 flasks were obtained there were not more than two or 
three good pairs among the 14: while if it were desired (as it often is) 
to make some four ur five experiments with only one control flask? there 
‘seemed no possibility of success. It is necessary, in order to apply the 
differential method, to use pairs of flasks with conductivities differing 
by not more than (say) 2 /, The difficulty of doing this is shown by 
the following numbers, which the k we 
12 of the flasks“ : | 


This difficulty was evaded by what is really a very simple device, 
It is necessary and sufficient to have the conductivity constants equal 


for loss of temperature, not for loss of heat. We may, if we desire, use 


different quantities of water in the two flasks. Now when a flask 55 


only partially filled with water the walls of the flask will nevertheless 


be very nearly at the temperature of the water. We should therefore 
expect that heat would be lost at nearly the same rate, whether the 
flask be quite or only partially full. For the heat-loss is roughly pro- 
portional to the area of the wall kept warm. If then heat is lost at the 
game rate from 200 cc. as from 400 d, the temperature loss of the 
200 c.c. will be twice as great as that of the 400 cc. This was tested 
- experimentally, and turned out to be approximately true, so that it 
became possible to change the conductivity constant & for loss of 
temperature by the addition or removal of water to or from a flask. 


1A simple method of regarding this is as follows. ihe 
one flask is E T . T. I, by the other k’ [T T.]. Hence the rate at which the difference 


1, Tsand aoknows, while 17. l. the quantity observed, If kk’ the second 


Nopegsitating vome five of six flasks with the camel. 
flask contained 250 0.0. of 
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MICRO-OALORIMETER. 


The control flask is adjusted v0-a8 to have the same oveficient of tempera- 
ture loss as the experimental flask, 


quantity of water. 


The further general description of the method is as follows. Each 


bait of Haske is connected by a thermo-couple, which is ootinected by 


means of an eight-way key (so that eight experiments can be made 
simultaneously) to a sensitive galvanometer. Readings are taken by 
reversing the current from the thermo-couple by means of a simple 
reversing key. The galvanometer is calibrated with a known current 


from time to time: each thermo-couple is, calibrated by means of 


comparing its reading with those of a Beckmann thermometer reading 5 


to 01°C, Observations are made, after stirring at intervals depending 


on the nature of the experiment. The differences of temperature, 
(T- T), are recorded on squared paper, the losses of heat are calculated 


for every hour, and thus a curve is obtained connecting the amount of 


heat set free with the time. The sensitivity of the whole arrangement 
can be seen from the calibration experiments given below (p. 278). Thus 
a liberation in ten houre of 1 gr. cal. per gr. of contents of the flask can | 
and estimated outrect tor perhaps of ita value. 


"Particular of metho 


The Dewar flasks used are the ordinary thermos or vacuum bottle . 
The silvering of these renders the heat loss only 3 to 10 as great as 


that in Rubner's non-silvered vessels. Their ‘capacity? is some 400 c.c. 


In order to complete the insulation, and to prevent manipulation with the : : 
hand from affecting them, they are mounted in cylindrical tins. filled — 


with saw-dust. This is not quite so good an insulator as glass- or cotton- 


wool; but there is no considerable difference. The saw-dust buries all 15 
the flask except the extreme top, round which is fitted a piece of 


American cloth, which covers in the saw-dust and is tied round the top 


of the tin. The top of the flask projects through the American cloth, ) 
and the cloth is varnished with shellac to the neck of the flask to 
prevent water from getting in or saw-dust from getting out. The 
conductivity constants of the: flasks are obtained thus: 250 c.c. of water 


| The greater the the lens ofcourse be 
ratio and the lees therefore 1s the toes,” One has io balance this 
factor against the difficulty and inconvenience of using large quantities of experimental jental 


material, 
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and therefore taking 
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207 
at about 55°C. is placed in the flask: the temperature of the contents 


and the temperature of the room are then carefully taken, the flask is 
_ stoppered with a plug of cotton-wool and left for (say) twelve hours. 


At the end of that time the temperature is again taken. The method 
of calculating the conductivity constant is based on the assumption 
verified above (p. 262) that the temperature a when the 188 is — | 
to cool follows the equation 


T-T,=(4-T,) 


where T. is the temperature of the room’, A is the initial value of 
T, and tis the time. Hence if we observe both and J.) 


for any time ¢ hours, we find 
T- 
which gives k direct since log ¢ = 434. 
An ‘experiment may make this process clearer, 


Initial temp. of water in flask 57°1°C. 
Temp. of same after 114 hours %89°1°C. 


19-0 


klog 114 log 301 -A- 

When the conductivity coefficients have been estimated thus for a 
standard amount of water in the flasks, it remains to test the effect of 
using various quantities ‘of water, other than the standard 250 c.c. 
Amounts of hot water, varying from 150 c.c. to 360 c.c., are placed in 
the flasks, their temperatures are taken, and they are allowed to cool as 
before, for some 10 hours. The coefficient * is again worked out and 


expressed as a percentage of the value of & for the standard 250 c.c. 
The relation between & and the quantity of water in the flask is given 


. The equation is derived trom integrating the equation 


~~ {224 (7-7), -which is only possible when 7, is constant. This condition is not 


small changes in T, are negligible. 
variations during the experiment. 
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28 MICRO-CALORIMETER. 
in Fig. 1. The results recorded in it are used at the beginning of an 


experiment when measuring out the appropriate amount of fluid for any | 
given flask: as however the figure is not convenient for use in the 


2. 


amount of water in the flask. 


Fs. 1. The relation between k the conductivity constant for loss of temperature and the 


laboratory it is replaced by a table giving, for each flask used, the value a 


of * for every 10 c.c. of water between 150 and 360c.c. For example: 
Flask No. 5. | : | 
Number of 0.6. in flask 150 160 170 180 190 200 210 220 
111% 666 688 611 585 562 589 518 498 
830 


Number of 0.0. in flask 260 270 280 290 800 810 820 
1% „ 440 496 415 408 804 885 878 969 861 852 544 


8 88 
8 88 


Having thus obtained and calibrated our flasks it will perhaps be 


better if we follow the actual course of an experiment. Into flask No. 1 
is put 250 cc. of the experimental material, ¢g. milk which is to be 
allowed to go sour. From the table, under flask No. 1, 250 C., we find 
the value of k, viz. 0406. If we use flask No. 5 as u control we look in 
the table to see how much water to put into No. 5 in order to make its 
k also equal to 0406. We find 288 oc. Hence 288 0.0. of water, at the 


E — 3 8 * 
— 


2 


‘ 
- 
E 
| 
7 
4 
: 
| 
| 
* 
* 
‘ 
3 
9 
50 
7 
ral 
| 
2 
| 
| 
2 
4 
* 
| 
| 
| 
— 
5 
* 
= 
a 
— 
425 
75 ih 
8 
7 
67 


‘pressure of water at 20° C. about 17-4 mm. Hence 22:2 litres contain %% 


"water when saturated, and hence the heat required to saturate 23.2 litres of gas with 
moisture at 20° C. is some 250 cal. 
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5 as the milk to within 02 or O3˙ C, must be put in 
flask No. 5. Now an india-rubber tube, ending in a glass tube, is let 
down into each flask: air, O,, or N, may be bubbled into these tubes 


80 tir up the liquid before taking a reading. The air used is fully 
saturated with moisture from being left in a Marriotte’s bottle with 


water some time before use. It is forced out by water coming in from 


a tap, and after passing through a lead coil in a basin of water at any 


desired temperature it passes on through a long rubber tube which can 
be connected in turn to each of the rubber tubes going into the Dewar 


flasks. In order to control any possible temperature changes arising 


from the bubbling, the air should be passed equal times through the 
experimental and control flasks. With care practically no disturbances 
are caused by this method of stirring. The heat capacity of air is so 
low’ that it is only evaporation or condensation which have any effect“. 
If the ingoing air, already saturated with vapour in the Marriotte’s 


_ bottle, is at the same temperature as the water in the flasks, very little 


evaporation or condensation can occur: while any error which may occur 
tends to be eliminated by passing the same amount of water through 


both of the flasks. In many experiments it is necessary to let in air, or 
Oy, to the animals in the flasks. This led me to adopt the bubbling of 

air for the purpose of stirring in nearly all cases, and in general it seems 
a very satisfactory and simple method. 


The next proceeding is to put the thermo-couple in the flasks. By 


means of electrical methods there is absolutely no difficulty about the 


temperature measurements. The sensitivity will be referred to later in 
the description of the galvanometer. Suffice it here to say that a single 
pair of junctions between copper and constantan provides amply enough 


BM. F. to read to 001°C.: with a Broca galvanometer it is possible with 
 @ single pair of junctions to read to 00003°C. The loss of heat by 
- conduction is however relatively so great that there is no point in read- 
ing farther than 001“ C.: in many cases I = Pee reading to 


1658 gal. to raise the temperature of 22-2 litres 1° C. | | 
1 The latent heat of water vapour at 20° C. TTT. aks lew. 


18 gre. of 


When the difference of temperature between inside and outside is large it is perhaps : 
better to stir with a long thin piece of stick or other bad conductor of heat, passing through 
the cotton-wool stopper. 
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only 004 C. Constantan-iron couples have a greater thermo-E.M.F. 
than constantan-copper!: but since the galvanometer circuit is of copper 


it is better to avoid external junctions between the iron and the copper, 


which are apt to introduce errors due to external thermo-E.M. F.’s. The 8 
couples are very simply made: a piece of glass tube of some 7 mm. in 


diameter and of the required length has its ends bent down: a piece of 


constantan wire some 0°4 mm. in diameter is passed through the tube: 5 
the glass is filled with paraffin wax, and its ends are stoppered with 


sealing wax: the projecting ends of the constantan wire are soldered 


with soft-solder to silk-covered copper wires, which are wound round 


“Wig. 2. ‘The thermo-couple, 


the constantan and the glass, leaving the glass finally in the middle. 


The whole is then well coated with shellac varnish to insulate it, One 
of these couples can be made in 20 minutes: its appearance is shown in 


Fig. 2. The two junctions were let down, one into each of the pair of 


Dewar flasks, and the copper terminals are connected by binding screws 


to the eight-way key. Thence the thermo-electric current passes to a2 
mercury reversing key connected to the galvanometer circuit. Readings — 


are made by reversing the current through the galvanometer. This 


shows a double advantage over merely making and breaking the thermo- 


electric. current : 
(a) the reading is doubled, 


62 x 10~* volts per 1° O. instead of 40 10 
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4. N BILE, 271 
000 thermo-clectric forces in the rest of the circuit are gee | 


eliminated: they are not reversed and neutralise themselves. 


Each thermo-couple i is calibrated as follows. Water at about room 
temperature is put into two flasks and the difference between the two 
(being of the order of 1° C.) is read very carefully with a Beckmann thermo- 
meter graduated in 001°C. This reading is compared with that of the 
galvanometer: while the galvanometer has its sensitivity determined by 
reading the deflection caused by passing a known small constant current 
of the order of 10“ amps. In this way one can determine very 


accurately, for any desired sensitivity of the galvanometer, how ‘many 


scale divisions correspond to 1°C. In an — it is usual to 
record it as follows: 6g. 


100 8 d. (scale divisions) = 0:161° C. : 

The eight-way key is a very simple home-made arrangement. It 
consists of a block of wood* into which nine holes are bored, eight on 
the circumference of a circle and one at the centre. Copper wires end 
in these holes, which are filled with mercury. 

Each thermo-couple has one terminal connected to the galvanometer 


oireuit direct, and the other terminal to one of the eight pools of mercury. 


The ninth pool is also connected by a wire to the galvanometer. Con- 
nection is completed between any desired thermo-couple and the gal- 


vanometer by dipping a piece of copper wire, fixed to a piece of ebonite 
and held by a piece of glass, into the middle pool of mercury and the 


appropriate pool on the circumference. Care must be taken not to 


touch the key with the hands: otherwise thermo-electric forces are set 


up at the contacts between the two metals mercury and copper. The 


key, which is as simple and effective as could be desired for the small 


E.M.F.’s concerned, can be made in a few minutes. 
We come now to the galvanometer. It is necessary for this work 
that one should have a fairly sensitive mirror-galvanometer—the highest 


sensitivity is unnecessary. The thermo-couples generally have a re- 


sistance of about 4 0: hence we shall secure the highest sensitivity if 
we use a galvanometer also of about 4 O resistance. We do not need 


great sensitivity, but in any case this can be got rid of by the use of 
: control magnets: and then what we have lost i in sensitivity will be — 


resistanoe boxes made of brass. vere dome any 


between copper and brass would cause almost fatal errors. 
* Paraffin wax would be even better. | 
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in the of the period of swing of the magnet - system, in the 
stability of the null point, and in the quickness with which the system ee 
comes to rest, Most laboratories contain a sensitive mirror · galvano- N 
meter of resistance about 10 0: the K M. . of the couple for 1˙ C. is 
40 * 10 volts, which through 14 Q (4 for the couple, 10 for the a 
galvanometer) gives about 8 x 10-* amps, Hence if we wish to read 
to 001°C. we must register 3 x 105 amps. : but since the reading is 
doubled by reversing the current we have in effect to use a galvanometer 
which has a sensitivity of 6x 10 amps. Most Thomson galyanometers 
do far better than this, and a Broca galvanometer registers some yy of it. ; 
So far I have used a galvanometer given me by Prof. —* of the : 


7 


— 


2 


a, 


K, and K, reversing keys: & common key. B- eleotrie cell, G=galvanometer, 
Ri resistance box 1 to 1000 fl, r=ocoil of resistance 10, R. resistance of 10,0000. 
When & is closed a current is drawn off through the galvanometer from the two | 
terminals of r of voltage of cell; 


0 


Physical Institute in Tubingen. I this beautiful | 
ment more fully in a later piece of work to which it is more specially — 
suited. Suffice it at present to say that with fairly high sensitivity—up_ 1 
to about 25 x 10 amp. it combines an extraordinarily rapid period 5 
of swing, and almost complete damping. This makes it possible to take 
readings with great rapidity: which is somewhat important as the whole 
series of eight thermo-couples can be read within three minutes, whereas a 


1 For one 1 mm. defleotion at 4 metres. 
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if one were to use a galvanometer which swung about for a minute 
whenever the current through it was changed the same process might 


take half an hour, Being iron-shielded the galvanometer keeps a good 


zero, and the fineness of its mirror may be appreciated from the fact 
that although it weighs only about 4 mgr. it gives a clear image at three 
or four metres. I am deeply indebted to Prof. Paschen for his _— 
ness in letting me bave this fine instrument. 
The general connections of the thermo-couples with the eight-way key, 


the reversing key, the battery used for calibrating the galvanometer, the 


resistances and the galvanometer are given in Fig. 3. At first sight 


‘they may seem somewhat complicated, but in reality the system is for 
two very simple objects. These are: 


(i) to be able, without any change of connections, to throw a known 
small current through the galvanometer, in order to test its sensitivity 


_ whenever desired. Such a current must be of the order of 10 amps., 
and it is therefore necessary to have various resistances in order to reduce 


the current from an ordinary battery, 

(ii) to be able, in ease the galvanometer is sensitive and the difference 
of temperature is high (a.. 2 or 3° C.), to short-circuit any desired fraction 
of the thermo-electric current and thus to keep the readings reasonably 
small without touching the galvanometer. This is necessary, because 


When several experiments are going on at the same time there may be 
very small differences of temperature to be registered in some, and very 


large differences in others: and one cannot be always changing the 
control magnets. 


The current from the thermo-couple i is always being . e 
through a resistance box: the resistance in the short-circuit can be 


varied at will, and when it is high (say 1000 0) practically all the 
current goes through the galvanometer, while when it is low (say 1 Q) 
a large fraction of the current is lost in the short-circuit. The arrange- 
ment is very convenient to use, though possibly there are several others 
quite as convenient: the system was designed simply with a view to the 
resistance boxes, coils and keys at my disposal. 

The flasks then, having been stoppered with plugs of cotton-wool 
(which allow the exit of the air bubbled), are stirred, a reading is taken, 
and they are left. Subsequent readings may be taken whenever desired, 
in experiments of a day’s duration usually at intervals of an hour or two. 


_ (There is no need to make observations at equal intervals.) The readings 


obtained are then plotted, with respect to time, on squared paper, and a 


curve of observed heat-production is obtained. This has to be corrected for 
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heat-loss: the formuls for this have been given above (p. 264). The term 


kx (area of curve) is the one which needs calculation. Now we wish to 
know the course of the heat-liberation for intervals say of one hour: the 


loss of heat must be calculated every hour and then added on to the loss 
calculated up to the end of the previous hour, and finally added to the 
actual observed heat-production. Practically this greatly simplifies the 


calculation. The area of the curve for (I- 7”) between the ordinates at 
the beginning and end of any hour is practically the product of the 
value of (T 70 in the middle of that hour, and the duration of the 
time in hours, i.. 1. Hence the value of (T- 7”) has been a 
by the conduction of heat in any hour to the extent 


ke x (area of curve) =k x {value of (7'— 7") in the middle of that hens}. 


Thus in order to arrive at the true heat-liberation we draw a curve 
through the observed values of (7'— 7") plotted with respect to 5 
calculate the temperature lost every hour from the formula 


k x {value of (7’— T) in the middle of that hour], 


and add the calculated temperature loss to the observed ee | 
rise. The observations always make such smooth curves that there is 
no difficulty about drawing a curve through the observed points, and 


therefore the interpolation of values of (T T) from the curve is 
perfectly justifiable. 


The corrected rise of temperature, multiplied by the heat capacity | 
of experimental fluid and (N.B.) flask, gives the total heat liberated. 
It is unnecessary to reduce the scale divisions to C. until the end of 


the calculation: everything is proportional whatever unite are taken. 
An example may help to demonstrate the method of calculation. 


The heat produced during the sowring of milk. 


5 Fresh milk was merely left at a hich temperature, 28° C.—25 C., and allowed to go sour. : 


Flask No. 8. 250 0.0. fresh milk at 25°6° C. 
„ No. 9. 800c.c. water at 95°5° 0. 


k=-049. Room temperature=22° 0, 100 scale divisions=0-181° C. ; 
Actual experimental observations : 


Time from beginning in hours 0 106 12°7 18 146 16-4 176 20-1 21-7 289 859 
Reading in scale divisions . 82 241 822 875 427 498 550 610 596 645 400 


These observations are recorded graphically in Fig. 4. Here, in caloulating the heat : 
losses, the changes are so gradual’ that we may safely consider the heat lost in intervals 
of two hours, using 2k instead of k. 2k=-098. eee 
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Value of middie ordinate 80 80 90 180 185 265 885 485 520 
Teanp, x middle 78 #78 .88 198 181 250 398 426 651-0 

te 

„C =... 78 156 24-4 872 55-3 980-8 118-1 155-7 206-7 

„ Timeinhours  % 2% 2 9 82 8 2% 
Palas of middie ordinate 590 610 670 520 490 465 445 425 415 
a 580 600 560 510 480 455 485 41:5 405 


Total temp. loss 2647 894-7 890-7 481-7 479-7 525-2 578-7 6202 660-7 


Fig 4 actual 
= observations, and curve corrected for heat-loss. 100 scale divisions =0-181° C. 


A hho heat éupacliy of the flasks is about équal to that of 20 6.0. of water. ‘Assuming 
that the heat capacity of nem 
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276 ER. 
and faak, vis, 270. Hania she han fre iy 900 of mi in 
915 x 00181 x 970 gr. calories . 
525 gr. calories, 
ho pro. of milk is 
$98 _ 1-299 gr. 


Finally it may be noticed thet, b 


in which to conduct these experiments. Firstly it is far less liable to 
vibration and steadier for the galvanometer: secondly a cellar * 
no very wide temperature variations. 


5 TESTING OF THE APPARATUS. 


‘It is possible to set free small quantities of heat inside a Dewar 
flask by means of passing an appropriate current through a resistance. 


The current can be measured, and the amount of heat liberated calculated 5 


from the formula RC /4 16 cal. per sec. This has been done in three 


ways : 
(i) 
(ii) a weak current was passed for a long 8 
(iii) a stronger current was passed for a shorter time. 


(i) Exr. 1. Two flasks, No.'s 4 and 6, had appropriate quantities of water in them. 
No. 4 was at 184 C., No. 6 at 21°4° 0, Boom temp. =22° 0. 


The following readings were obtained : 
Time ... 5 o 3 18 187 88 45 58 
Observed value of (T-7") 687 662 682. 801 651 50 468 


The observed results are recorded in Fig. 5 as also are those corrected — 


for beat los ‘Ts be seen. that the comerted curve line 
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parallel to the axis: this shows an absolutely zero rate of heat-production, : 
which should be the case as no current is passing. 


(it) Several experiments were done in which a small current was 


passed through a resistance for some 10 hours. The following experi- 


ment is chosen as an example, because the temperature loss is in this 
case very large owing to the little water in the flasks. 

Exe. 2. Flask No. 2, 214 c. e. Flask No. 8, 2000.0. k=-062. 100 scale divisions 
= 887° 0. 
| Resistance coil 5°87 0 in No, 2, which was at 21-4°C, Room temperature 22° C. 

145600 
4-16 


=87°2 cal. per hour. 
‘Tha Dest of and of water. Time given in hour: 


readings in scale divisions. 


Time 0 es 215 S84 47 62 85 
Reading for 6 46 98 187 190 292 996 


These results, and the same corrected for temperature loss by the 
method described above, are given in Fig. 6. It is seen that the corrected 
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carve 18 absolutely a straight line—the heat-production turns out to be : : 
linear, as it should be for the current was constant. With regard to the — | 
magnitude of the heat-production; there is (from the corrected ried a 


gain of 42°6 scale divisions per hour. This reduces to 
| 0˙426 x 0.387 C. = 0'165°C. per hour. 


The heat capacity of flask and water = that of 234 c.c. water. Hence ane 


heat produced is 234 x 0165, 
| 38°6 calories per hour. 
= compares very well with the result 

372 calories per hour, : 


deduced from the strength of the current, especially eccing that the 
correction for heat-loss in 9 hours amounts to 30 % of the total observed 
value, 


This testing of the apparatus is . so important that it was lone 


several times, with each pair of flasks. The corrected rises of — 
ture were in each case and gave the 


Experiment Number ao 2° 8 4 5 6 
Period of np. in hours. 9 9 9 
Calories per hour observed 39 ˙6 87°2 89°23 56 49 
Calories per hour calculated 87°23 89°9 5056 51˙8 


* Recorded also above, included here for comparison. 


The “observed ” results are deduced from the method of this paper: 


the “calculated” from the known strength of the current passing. 


Assuming the 4th line to give the actual true value, the heat-pro- 


duction as deduced by the method differs from the true value in 28 5 


five experiments by 
17387, —39%, —1 6% +90 56%). 


Thus the average error amounts to only 48 ¼, and seems to be as : 
often in one direction as another. Exps. 2, 3 and 4 which were done 
later and more carefully than Exps. 5 and 6 show an average error of 


only 3:2°/,. The fact that one can follow and measure a rise of tempera- 


ture of only about 1° C. taking place in about 10 hours, correct to some 


3 or 4%, seems to me to show the value of the method. 


(iii) Exes. 7, 8, and 9. In these the current was stronger, A 
about 1 or 2° in 1°5 hours. 
1 The resistance coil was pat in one flask, and wo control flasks were used, each with a 3 
thermo - oouple: the double readings’ below refer to these two control flasks. The mgree- 
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Number ot exp. 
Calories observed 828, 3238 835, 828 885, 388 
Calories calculated 350 330 362 
Tho deviations of the observed from the trae {calculated ”) value are 
-18%, 70%, 
an average error of 5°3 %. 


_ APPLICATION OF THE METHOD TO VARIOUS BIOLOGICAL PROBLEMS. — 


In this section I propose to give an account of several types of 
experiment to which the method sketched above is suitable. A more 
complete inquiry into several of the problems involved I have = 
= to carry out and hope to describe in later papers. 


(1) The heat produced by living resting frogs. 

Ar. i. In flask No. 100 cc, of frogs (8 frogs) + 160 & Ce. of water. ne 
; „ No. 5, 286 0. 0. of water. 

k=°089. 100 scale divisions=-887° C. Room temperature=22° 

they were placed in water. O, was passed through at the beginning, and before each 
observation. Time in hours: reading in scale divisions. ee 
Time 0 O04 16 28 3 67 8656 11 
10 ᷣͤ Ni 86886 4 564 


Fig. 7. “he heat-produstion of resting frogs at 22°C. After two hours the corrected 


92 
* * 
| 
4 
¥ ‘ 
7 
1 
* 
* 
8 
a 
* 
74 
: 
/ 
4 
17 ; : 
4 
— 
‘ 
72 
4 . — 2 
7 
i | 
‘ 
17 
. 
2 
4 j 
* * 
+ — 
— WAL * 
— — 
2 
~ 
1 4 ‘ 
7 
shin, — 
2 
‘A 4 
87 
23 * 


‘MICRO-CALORIMETER. 


The results of this experiment are given in Fig. 7. The aie ot | 


heat-production, as can be seen from the “ corrected „curve, becomes 
absolutely uniform with the time after a period of some two hours, At 


first the frogs were excited and climbed about inside the flask—the only 


plausible explanation of the greater initial rate of heat-production. After 
a while however they seemed to quiet down, and gave out heat at an 


absolutely uniform rate. At the end of the experiment they were ver 


. lively: 12 hours in the flask does them absolutely no harm, so the 


experiment seems to be strictly physiological. From the “corrected” 


curve the gain of temperature reaches the constant value 54°0 scale 
divisions, 1. 0°54 x 0387 = 0'209°C. per hour. The total heat capacity 
of frogs', water and flask = that of 270 c.c. of water. Hence 270 x 0209, 
i.e, 56°4 cal. are produced per hour, or 0664 cal. per cc. of frog per 
hour.. 


At the same temperature, and at the same time of year, this 


quantity—heat produced per hour per c.c. of frog—is very constant. 

At 22 C. it is about 06 cal. Assuming that a mouse of 20 gr. eats 

Hence a mouse of 20 gr. will liberate something of the order of 70 times 

as much heat as a frog of 20 gr. when living in a room at 22°C. We 


see therefore the danger of applying results obtained on the heat- 


production of muscle to the case of mammalian 


stimulating effect of any salt solution on museles left in it the following procedure was 


adopted, ‘The frogs’ logs, out off from the body, were tied up in their skin and left in 


Ringer’s solution in the flasks. 


Flask No, 2, 210 c.c, of water. 


Flask No. 5, 50 0. 6. frogs’ legs: 100 cis Ringer at 21:6° 0. Boom temperature 22° C. 8 


100 scale divisions · 401 C. ; 


Tine in hours 0 16 % Sl Gh 76 89 
(T-T)obered 9 0 % 9% 


These observations, as also a corrected curve of heat-production, are 


is obo the a ha of wale. 
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(3) The heat-production of heat-rigor. 
The technique of these experiments i is somewhat different from the 


above, and will be described in a future paper. In heat -rigor at 33 to 


35° Q, using whole frogs, there is a heat-production of some 0-7 cal. per 
gr. of frog. W 


20 


Fig. 8. The heat-production of resting isolated frogs’ muscles at 22° C. 
(4) The heat-production during the souring of milk. 
One experiment on this subject has already been given (p. 274, 


2 Fig. 4). Further experiments, especially in relation to dilution, may be 


described here. In the figure the “corrected” curves only are given. 
The observations can, by those who desire, always be found in <9 


The room was about 28°C. Milk was placed in 
the fant, and water inthe sngle Soto each thermo-couple had 
one junction in this control 
k= "049 for each flask! 
Number of flask Contents Initial temp. 0a d= 
53 277 0.0. of milk 289 C 149° C. 
2 292 0.0. of 3 milk 28˙8 . 149° O. 
808 0.6. of milk 28 © 181° C. 
6 860 0.6. of 4 milk 289° C. 181° C 
4 895 0.0. of f milk 236° 0 147° C. 
10 280 0. 0. of water 28°7° 0. — 
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Time in hours Oo 62 18 168 182 
Reading, flask No. 8 187 705 9890 944 989 900 
Ditto No.2 87 448 598 654 657 
Ditto No. 9 81 429 568 580 564 
Ditto No. 6 9 151 268 . 827 be 816 
Ditto No. 4 24 65 128 1838 218 
The fluid in the flasks at the end of 23-6 hours was 
a a 100 c.c, of the fluid was equivalent to the following quantities of 
4 
No. 8, 68 0,0. —No. 2, 52°5 0.c.—No. 9, 44.5 0.6. No. 6, 88°5 No. 4, 285 b. o. 


The final temperature of flask No, 10 was 23°0° C. 
20 


Hie. curves of the heat produced by the daring the 


souring of milk. 


The corrected results are given in the annexed figure (Fig. 9): the : 


numbers have all been reduced to C. in order to represent all five experi- 


ments on the same scale. It is seen that diluted milk produces practically : 
the same heat as, but liberates far more acid than, undiluted milk: for | 


— we have : 
tage milk 100 6 30 88 7 
182cal, 208 1498 1°38 20, 
— 268 258 200 „ 


Beckoned per .c. of undiluted milk. 
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A number of experiments were made with yeast, in connection with 
the effect on the heat production of increasing the concentration of 
sugar used. The experiments have not yet been brought to a conclu- 
sion, but the following pair may be of interest to show the applicability 


of the method. The yeast used was ordinary bakers’ yeast, a suspension 


of this being made up to about 15°/,. Ordinary commercial cane sugar 
was employed. 
Exp. iv. Flask No. 7 yeast of 57% 


cane sugar. The strength of cane sugar in the mixture was therefore 6-4 %. 


Flask No. 8 contained 820 ¢.c.=64 ¢.c. yeast suspension + 256 b. o. of 4% cane sugar. 
The strength of cane sugar was therefore 3-2 %. 

Flask No. 10 contained 360 c.c. water to act as control : its initial temperature was 
17.89 0. 

For both flasks, Nos. 7 and 8, k 042 per hour, or · Oos per 100 minutes: also 
100 scale divisions =°312° C. 

Ii will be noted that the concentration of yeast is the same in each, while the concen- 
tration of cane sugar is twice as great in No. 7 as in No. 8. 

Room temperature = about 17° C. 

The observations are given below and recorded in Figs. 10 and 11. The corrected 
curves show the actual heat-production in calories per c.. of solution in the flask. 
Observations recorded in scale divisions. 

1¹ 15 23 836 52 68 92 115 146 200 
tor flask No. 7 186 146 66 +45 147 282 341 422 520 690 | 
= er ask No. s +2 +88 +93 +168 282 805 405 488 582 740 


Time in minutes. 9808 409 478 566 686 1802 1889 1542 1725 
(7 1) for flask No.7 972 1228 1407 1682 1887 1718 1646 1540 1407 
(1 -T") for flask No.8 988 1182 1152 1182 1106 843 814 768 705 


The “corrected” curves show that the rate of heat-production is 
practically the same initially, whether the yeast cell is working in a 
32% or a 64% sugar solution, In either case the cell appears to get 
all it wants until a certain limit is reached '—presumably coinciding in 
time with the exhaustion of the sugar. The rate of heat-production 
then falls suddenly to a much lower value, and remains constant at this 
value for some time. May it not possibly be the case that there are 
two separate processes here, the first due to the specific aleohol- and CO,- 
producing activity, and ending with the exhaustion of the sugar supply, 
the second due to other metabolic activities and = 80 8 as me 


1 The sudden bend in the “‘corrested” curve. : 
PH. XLII, 19 
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284 MICRO-CALORIMETER. 
| cell has any food supply? In confirmation of this one notes in Fig. 11 ö 
| that the sudden. bend in the curve occurs in almost exactly half the | 
| time, and with almost exactly half the heat-production, when the sugar 
used is 8-2 % instead of 6°4°/,. Several experiments were done in 9995 
connection, and the same observed several 


Fig. 10. ting a Actual observations. 
| 11. 
| 
— 
2 
500 1000 1500 


Corrected for heat loss: note the sudden bend in the eurves a 
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(6) The action of saliva on starch. 
In three experiments a 2°/, starch paste was used, and saliva. The 


| temperatures were 22°7°C., 22°C. and 29°C., the room temperature 


being about 21°C. In each case the action went on until no blue or red 
colour was given with iodine, and in each case there was a small evolu- 
tion of heat not greater than the following values:—0-01 cal. per d.., 

0-02 cal. per c. o., 0°01 cal. per c.c. respectively. These numbers are not 
intended to be exact—the whole point of the result is that the heat- 


production is extraordinarily small. ‘Supposing it to be not greater than 


001 cal. the heat produced by the hydrolysis of 1 gr. of starch would be 
only 0°56 cal, The combustion energy of starch is some 5000 cal. per gr. 
The heat lost in the transformation of starch into maltose we know is 
very small: that it should be so small however—only some ;54,, of the 
total energy of the starch—speaks very suggestively as to its suitability 
to the plant as a store of energy. Starch and maltose seem to be mutually 
transformable, practically without energy changes of * as pence 
into shillings and shillings into pence, 


The expenses neared inthe designing ofthis calorimeter have ben largely defrayed 
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on THE ALLEGED FORMATION OF LACTIC ACID IN © 
: MUSCLE DURING AUTOLYSIS AND IN POST- 
SURVIVAL PERIODS. Br W. M FLETCHER, Fellow 


of Trinity College, 


Prom the Laboratory, Comrie) 


CONTENTS. 
I. Lactie acid formation in injured mammalian muscle 287 ; 
muscle. 295 
III. The of sid formation to 
lytic enzyme in muscle 303 


THE evidence available at present for 3 the type of 8 


action involved in the formation of lactic acid in muscle, or in other cells, 
is not only scanty but, so far as it goes, conflicting. 


The actual course of the formation of dextro-rotatory 10 acid 8 
which proceeds spontaneously in excised muscle has been described', and 


this has been shown to present two notable features. First, the yield of 


acid during the survival periods of declining irritability proceeds by equal _ 
imcrements in equal times, and second, the yield comes to a standstill 
when irritability is finally lost. Thenceforward, during post-survivall 
periods after complete loss of irritability, the lactic acid content of the 


muscle remains constant. From these, in connection with other observa- 


tions, we concluded that it is only living, or surviving muscle, which 


bas the means of lactic acid production. 


On the other hand, it has been urged by several observers in recent 
years that considerable and continued production of d-lactic acid may be 


found during the autolysis (aseptic or antiseptic) of minced or — 
: Fletcher and Hopkins, This Journal, 10855 p. 247. 1007. 
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muscle, eg after the extinction of irritability and destruction of 
structure ; and in addition to this evidence of an enzymic and hydrolytic 
pidduotion of the acid from muscle substance or muscle detritus, it has 


been claimed that enzymes can be found in muscle, or prepared from it, 


‘which are able to produce lactic acid from added carbohydrate. These 
muscle enzymes are said to simulate the action of the known ferments 
‘whose property is to yield lactic acid as an intermediate stage in the 
final production of CO, and alcohol from carbohydrate material. 
Obviously, if these results of autolytic study were firmly established, 
the distinction previously drawn between living (or surviving) muscle 
and dead muscle would become meaningless, except in so far as it would 
become necessary to determine the manner in which the enzymes 
producing lactic acid, as it is alleged, and acting freely in dead muscle 
or in muscle extracts, were subject to control in the living muscle. The 


main object of the present paper however is to show that the evidence 
Which has so far been produced in favour of an enzymic yield of acid 


from muscle in post- survival periods or in autolysis is not trustworthy, 
and that we have no reason to suppose that either the muscle cell or its 
forcibly released contents have any power of lactic acid formation under 
other ‘conditions than those of life, or of. “survival” periods coupled, 
probably, with a greater or less degree of subsisting irritability. 

It will be urged that the results of autolytic experiments have been 
commonly misinterpreted through misapprehension of the effects upon 
muscle of the treatment incidental to the methods employed. It is 
obvious that a necessary preliminary for the proper measurement of 
autolytie change is the determination not only of the spontaneous 
changes to be expected after excision in the particular tissue under 
examination, but also of the changes produced i in it by the agencies of 
heat gr of the, antiseptic media which a given method may involve 
Abefore autolysis begins. Some account of these will be given e 


now before e to the results of — 


1 ACID FORMATION IN INJURED MAMMALIAN MUSOLE, 


„ The ‘experiments in autolysis to which critical reference is to be 


; pave later deal chiefly with mammalian muscle, and, from the nature of 


‘the case, with injured muscle. The present section is concerned only 
with estimations of d-lactic acid in injured: mammalian muscle; I: hope 
40 publish shortly an account of the of acid i in uninjored 
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288 LAOTIO ACID IN MUSCLE. 
Methods. In all the observations to be given in this and the later 


: 3 the d-lactic acid was estimated by gravimetric determination 
of anhydrous zinc lactate, according to the methods fully described in 


the paper already referred to, and it will not be necessary to repeat these 
here. No modification ia manipulation was called for, except that it 


was found advisable, and in some cases necessary, to increase by 50°/, 
ke weight of the blood-charcoal used for the treatment of the alcohol 


residues, The filtrate from the charcoal flask was always crystal clear. 
Control observations showed that the use, within wide. limits; of ad- 


ditional charcoal introduced no errors if due care was — in e . 
the charcoal on the filter with hot water. 


The final crystalline products obtained had in all cases the same 


chars as those previously described for amphibian muscle. They 
were quite free from pigment, they gave crystals characteristic of pure 
zine lactate and yielded zinc oxide in percentages —_ to those —— 
by theory. 


In all the experiments with mammalian 3 to be given blow the 


was rapidly dissected immediately after cessation of circulation 
and minced at once in a freshly cleaned mincing machine. When two 


or more similar samples were required for purposes of comparison, the 


fragments of minced muscle were thoroughly mixed and shuffled before 


the separate samples were rapidly, weighed out. This is an important 


precaution, if closely similar samples are to be obtained, and of special 


importance in the case of the rabbit, where the anatomical segregation of 


the white and red muscle-fibres is well marked. When an estimation 


was to be made, the minced muscle was ground in a mortar with sand 


under 98% alcohol; the alcohol extraction was then carried out as usual. 


In autolysis experiments, where chloroform-Ringer was used, the super- 


‘natant fluid, drained from the muscle before grinding under alcohol, was 


taken down on the water-bath to dryness and the residue added to the | 
ground muscle under alcohol for extraction. 


It was found impossible to obtain similar muscle samplee—and 
without these there can be no fair results—by using muscle from more 


- than one rabbit in the same experiment without special precaution. It 
was found difficult to obtain them even with careful mixing of the 

muscle among all the different samples, Many factors may disturb 

the weight relations of the muscles, and chief among these seems to be 

the amount of fat present: the weight of zinc lactate expressed in 

percentage of original muscle for one sample may vary widely by 

25% —from that of another sample e n throughout but 
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obtained from another rabbit. ‘The difference may be unimportant’ or 

absent if care be taken that the rabbits are of exactly similar breed and 
condition, but this is not always easy to secure, The point is emphasisdd 
here because it does not seem to have been attended to by previous 
observers: in many published experiments the weights of muscle used 


_ show that two or more rabbits were used, mixing has not been referred 
. do, and variations in the final lactic acid estimations of the different 


samples, expressed in percentage of original muscle weight, are derived, 
or are at least as probably derivable, from original disparity of e 
as from other supposed causes to which 8 have been 1 8 


of of late ocd aftr injury. - 


The effects of mechanical injury and of other agencies upon vee 
“iol of lactic acid have been described already for the case of amphibian 
muscle“. It has been shown that freshly excised frog’s muscle, after 


the severe traumatic injuries of cutting or mincing, exhibits a greatly 


accelerated. rate of lactic acid production. It was found, however, that 


the infliction of cutting injury to the muscle “does not produce in- 


stantaneoiisly an acid yield, maximal for that i injury, but rather ‘sets 


up s rapid acid-yielding breakdown which at first t quickly, and then 


more slowly, approaches a maximum.” 
The course followed in time by the changing rate of acid Sroduction 
after injury was determined: at a room-temperature’ (15" 00 the 


maximum yield was not attained until 10 hours from excision and 


injury, though after five hours 90 % of the maximum had been reached. 
For the case of mammalian muscle I find similar relations. The 


rate of acid yield after severe injury is accelerated, but here also, even 


after the most extensive mechanical injuries, such as the finest mincing of 


the muscle, its maximum though very rapidly approached is not reached 


instantaneously. Having reached its maximum development—the 
maximum being determined by the character and previous condition of 
the muscle—the lactic acid content remains thereafter constant. ~~ 
many hours, and even, as we shall see, for many days 

The acceleration due to injury, like the rate of the ee 


‘survival production in undamaged muscle, is closely dependent on the 


temperature. In the case of the frog muscle it was comparatively easy 
buy successive estimations at a temperature 80 low as 15° C., which is 
within — limits for the frog, to follow the curve — the 
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200 LACTIC ACID IN MUSCLE. 


‘acid yield to lapse of time, and it was shown that this curve, unlike the 
linear graph for undamaged muscle, had exponential characters. In 
the case of warm-blooded muscle the difficulties of obtaining a com- 
parable curve for acid yield after injury are very great. If the 
temperature be maintained at or near the body-temperature (38—39° C. 
for the rabbit) from the moment of excision, throughout the manipula- 
tions of mincing and weighing, up to the time of extraction and 
estimation, the increase of acid occurring in the muscle fragments may 
be so rapid that its course in detail can hardly be followed: the 
maximum yield may be reached in less than half an hour. The following 
experiment illustrates this. 
Exp. I. ‘Room-temp, 34.5 C. Rabbit, All manipulations conducted as closely ss 
possible to body-temperature. Mineing machine warmed to 30 C. Rapidly dissected 
muscle minced, mixed and divided to five equal sets, each 90°2 gms. Ringer solution 
saturated with chloroform used for antisepsis. ö 


(a) Extracted for estimation immediately after mincing and weighing 397 / 

Ineubated at 89° O. in 200.0. chloroform-Ringer for hour 
le) ” * 55 „ 2 hoe ... 495 

(d) ” „* „ 1 5 

(e) ” „% „ 


* Within three minutes from mincing the musele was ground with sand in alechol for 


ee extraction, the interval being occupied by shuffling and weighing from the other sets. 


By lowering the temperature during the infliction of injury, the acid 
production is slowed, and even if the injured muscle be brought 


immediately after the injury to body-temperature again, the attainment — a 


of the acid maximum is delayed. Without elaborate precautions 
lowering of the muscle temperature must inevitably happen when the 
manipulations are carried out at room-temperature: during removal 
of the skin and excision of the muscle, during mincing or chopping, and 
during mixing and weighing, the temperature must fall below, and 
often falls far below, the normal 88—39°C, The muscle just afterwards 
will always show a lactic acid yield decidedly below the maximum 
attainable later. If now the muscle be placed for antiseptic incubation — 
in chloroform-Ringer at body-temperature, in which on being stirred — 
every fragment of muscle is quickly brought again to normal temperature, 
the acid increases very rapidly at first, and then less rapidly approaches 


the acid maximum, which is not attained fully for two hours or even : 


more. A typical experiment is given in Exp. II, and the results shown 
gtaphically in Fig. 1. In this particular case the acid maximum shown 
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(in percentage of original muscle weight) is a high one. For rabbit 
muscle the maximum varies in individual cases between 45 %% and 65 / 
of anhydrous zine lactate. 


Exe. H. (Fig. 1.) Room-temp. 18°7°O. Rabbit. Muscle excised and minced with- 
out special precaution. Mincing and weighing occupied 7 mins. during which cooling 
towards room-temp. was not prevented. Muscle mixed and divided to five weighed sets. 
Of these, one was ground at once in alcohol for extraction, the others placed each in 
270 00. chloroform-Ringer which had previously been brought to 89° C. : 


(a) 76°38 gms. estimated at 802 % 
(>) 7 „ incubated at 89°C. for à hour ... 570 
(c) 72˙5 „ ” hours .. 
a) 747 „ ” „ 674 


bet The course of lactic acid production after severe mechanical injury. The rabbit 
muscle was minced between body (89° C.) and room (18-7° C.) temperatures. The 
first estimation was made immediately: thereafter the muscle was incubated at 
_ 89° C. in chloroform-Ringer solution (Exp. II). The dotted line gives for comparison 
the course of production by frog’s muscle at 15° 0. (with no antiseptic solution 
added) from Fletcher and Hopkins (loc. cit.), Fig. 1, p. 261. 


The course followed by the successive rates of acid yield in a warm- 
blooded muscle, injured in the cold but allowed thereafter to return to 
body-temperature, is of course not strictly comparable with the course 
followed by the acid yield of the amphibian muscle kept at constant 
temperature throughout. It will be noticed, however, that the mam- 
malian muscle shows after the injury an acid development more rapid 
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at Gret and slower afterwards (sce Exps. II and IV), in spite of the earlier 
periods including, as they do, the lower temperatures from which the 


muscle is being raised. The present object however is not to establish 


the detailed time relations of the acid yield after injury, but to show, 


for the purposes of the next section, that the muscle just after injury 


gives an acid yield inevitably below that reached later at body- 
temperature, How far it will be below the later acid maximum in 
a given case will depend on the degree to which the ‘temperature has 
sunk during the infliction of, injury, and the rapidity with which 
estimation is made aſterwards. 


In the autolysis experiments to be referred to later, the preparation of 


the muscle by mincing or chopping has been carried out, in previously 
published observations, without special precautions at room-temperature, 
and for comparison with these Exp. II probably offers typical relations. 


It is clear, in both the typical experiments I and II, that when the 
acid maximum has been attained it remains at constant level for many 


hours, and indeed, as will be seen later, for as long as observation is 
maintained, supposing no interference to come from outside, by bacterial 
infection or otherwise. Any pair of observations made after the 


establishment of the maximum (after about three hours at body- 


temperatare) will give nearly identical estimations of lactic acid. 
This is seen again in later experiments, and is shown in Exp. III. 


Exe. III. Room-temp. 18° C. Rabbit. Muscle minced, mixed and divided into two 


(a) 79 gms. incubated at 38°C. for 84 hours 496 % 
(d) 85°65 gras. „% „ „ „ pe 525 


I Ir cooling of the muscle dating injury be carried farther, below — 


room-temperatures, the retardation of acid yield and the delay in 


attainment of the acid maximum are of course more markedly shown. 


An example is given here. ee | 


Exr. IV. Room-temp. 18°5° 0. Rabbit. Muscle rapidly excised ad tomes , minced 
in machine cooled in freezing mixture. Mixed and divided in cooled dishes into three 


_ 956 „ inoubated at 885 O. for bout 3486 
(Chlovoform-Binger in double volume, and toluol, added for incubation.) 


samples. Each incubated with 200 6. o. chloroform-Ringer, with toluol, added at room- 


(2) 1029 gms. ground at once in ice-cold alochol and estimated at once «+176, 
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The important point to be emphasised here, especially in view of 
the methods ordinarily used in published experments upon autolysis, is 
that the lactic acid development in muscle after very severe mechanical 
disruption does not reach its maximum instantaneously. At body- 
temperature the acid development is very rapid after injury, but if 
the muscle be injured (as by cutting or mincing) at ordinary room 
temperature, the acid maximum will not be fully attained for a time to 


be measured by hours, while the muscle estimated immediately, or at 


room-temperature after several minutes, after the injury will commonly 


show 50 % less than the maximum which would be reached later. 


It is wholly erroneous to assume that minced muscle, taken 
immediately for estimation, is in a state of chemical equilibrium in 
regard to its properties of lactic acid production. It would seem 
unnecessary to point this out if the assumption had not very N 
in the made the basis of experimental 


The influence of chloroform-water, 


The irritant effect of chloroform upon muscle is well known, and it 
has probably been a common assumption that the use of this agent as 
an antiseptic during autolysis has secured that an almost immediate 
maximum of the acid yield of the tissue, apart from possible autolytic 
processes, has been attained. In point of fact, however, the application 
even of chloroform vapour to muscle does not induce a rate of acid 
production notably greater than that following severe mechanical 
injury’. The following experiment shows the difference in yield of 
acid shown by minced mammalian muscle kept at 38° C. in Ringer 


solution, and in Ringer solution saturated with chloroform, respectively, 


and it will be seen that though the addition of chloroform to the Ringer 
solution has hastened the approach to the maximum yield of acid, it 
has not hastened it so to change markedly the order of change in time. 
The irritant effect of the chloroform is nearly W by the 


results of the previous mechanical disruption. 


Expr. V. Rootii-temip. C. Rabbit. mixed and divided 
to four nearly equal sets. 


ine lactate 

(a) 67-9 gms. + 160 6. 0. Ringer, 3 after 2 hours at 38° C. 3866 % 
(e) 6776 guns. 160 6.0. Ringer, 600 
67-7 gms.+160 6. 6. chloroform- Ringer, „ 628 


determination, (a) and (b) combined, gave 83°6 %,. Theor, 83 · 
letoher and Hopkins, Loe. 
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This experiment illustrates again what was 3 in the last 


section ; the muscle was manipulated at room-temperature, and it is 

seen that the acid production has not reached its maximum in either 

pair of samples before the fourth hour of incubation at 38°C. 
It will be noticed that in many published experiments on the 


autolysis of tissues in which a comparison is made between a control 
estimated “at once” and a similar sample ineubated with chloroform- 
water, we have presented to us not only the expected difference in acid 


yield due to the non-attainment of the acid maximum by the former 


sample. of the pair, but, added to this, an increment in the — of * ae 


latter — due to the chloroform employed. 


‘The effect of rapid heating. 
Taue effect of rapid heating in arresting chemical change in serving 
muscle, which was first noticed by Du Bois Reymond, was 


described in some detail by Fletcher and Hopkins“ for amphibian © | 


muscle, We showed that while resting muscle may yield 04 ½ of zinc 


lactate, which would be increased to 50 ½ or more if the muscle were 
brought to full heat-rigor at 40—45° C., similar samples killed mers : 


100° C, may yield no more than 08 °/,, 

The point is easily demonstrated in the case of frog’s muscle 
because individual and almost undamaged muscles can be brought very 
rapidly to a high temperature. In the case of rabbit muscle rapid 


heating of all parts of the muscle is best secured by mincing the muscle 


masses directly into boiling water. Even so, although mechanical injury 


and some time delay must precede the heating, the fixing effect is well 


marked. The boiled muscle invariably shows a lower lactic acid 


content than a corresponding sample of minced muscle allowed to 


proceed near body-temperature towards its maximal yield, 


‘Exp, VI. Room-temp. 18°0. Rabbit. Muscle minced, rapidly mixed, oo 
weighed to two samples. 


(a) 157 gms. thereupon boiled immediately 416% 
(0) 1965 gms. incubated at 88° C. for 45 minutes “626 


VII. Rabbit. Muscle minced, rapidly mixed and divided 


dune lactate 


81-2 gms. +250 0. 0. chloroform-Ringer, incubated at 89° C. for 7 hours 545 
(a) and (b) combined, gave 83-46 Theory, 88-42%.) 


. Leipzig, 1877. Loc. cit. p. 267. 
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N to general experience. Schwiening’, however, — similar 


Tn both the etiation of couse the extrac rom the water 


In Exp. Vi wur muscle masses also wore dissected with the least possible cutting 
injury to the fibres from the back and the upper and lower hind leg (to give a mixture of 
muscle equivalent to a shuffled set), and these were plunged into boiling water and so 
kept at boiling temperature for 45 minutes. The muscles weighed 79-5 gms. On parallel 
estimation with set (a) already given, it was found that | 

(c) muscle in bulk, nearly uninjured, boiled at once, gave 375 % 
Ila) similar muscle, minced and boiled at once, gave... 20 7 J 

The result shows. that whether minced to small pieces or not, the muscle rapidly 
heated shows leas lactic acid than the survival maximum, but the reduction in yield is less 
if large pieces of muscle are used. This is to be expected since the minor parts of large 
muscle masses escape rapid heating and probably proceed far towards their acid maximum 
at high but not supra-physiological temperatures before the upper temperature limit.for 


tm survival yield of acid is reached. 


It is worth notice in passing that during the processes of estimation - 
it is made obvious to casual inspection that other chemical changes in 


the muscle besides those leading to lactic acid formation have been 


_ influenced by the rapid heating. The muscle which has been allowed 
after injury to undergo change at body-temperature [(b) in each of the 


two preceding experiments) | when compared with the muscle rapidly 
heated [(a) in each case] gives not only more lactic acid on estimation 
but can be distinguished from it by the appearances presented by 


the successive extracts prepared, and very obviously also by an increased 


in * water extract for with ether. 


P 


OF MUSCLE. 


In his early observations upon the autolysis of muscle, 3 
found no formation of ether - soluble acids after the prolonged autolysis 


of minced mammalian muscle placed under ten times its bulk of 


chloroform-water, and he concluded that “it is much more probable 
that muscle produces lactic acid not because it is dying but 8 it 
is living, and it produces it only so long as it lives.” 

The confidence to be placed in his results, and in the 3 be 
based upon them, is lessened by the circumstance that he found no 
lactic acid at all in the freshly minced mammalian muscle, for this is 


I Stacker. klim Med, (Sapp. Bal), 1800, 
Virchow's Arch. 196, p. 444. 1804 
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296 ACID: Ty MUSCLE. | 
find lavtic acid present in the‘minced muscle only 


in “very slight quantity), and he confirmed Salkowski’s observation ; 


that in the process of auto-digestion the yield of acid was not increased. 
His quantitative results however show that his methods of extraction or 
of estimation were imperfect, since only 09 ½ of zinc lactate is given 
for the yield of the mammalian muscle after mincing (instead of the 

“46 */, which is to be expected with confidence) and only 08 %, for me | 


yield after 48 hours autolysis. 


These results in Sälkowski's laboratory have been the object, ir in 

recent years, as is well known, of much hostile criticism. Magnus Levy 
found that lactic acid increased during the autolysis of liver tissue and 
he made the not very reasonable objection that Salkowski had not 
taken long enough periods for his autolyses, though these extended 
over 68 hours. Certainly Magnus Levy’s own results are not free 
from the objection that he disregarded the possibility of survival change : 
in the disrupted liver tissue—change which may fairly be presumed to 
occur until the contrary has been shown—and reckoned this as autolytic 
change. 

A group of Japanese observers 1555 extended Levy’ s methods to 
the study of other tissues. Mochizuki and Arima“ have observed an 


increase of lactic acid in the antiseptic autolysis of the testis, Kikkoji® | 


finds the same, using the same methods, for the spleen, Saito and 
Yoshikawa‘ for the thymus and for the lungs, and Inouyi and 
Kondo® for mammalian, and other muscle, All these have used a 
smaller bulk of antiseptic medium than Salkowski: they have used in 
relation to the tissue mass examined twice instead of ten times the 


bulk of chloroform-water. Inouyi and Kondo found their results 


opposed to those of Salkowski whether they used the double bulk or 
his ten-fold bulk of medium: and they concluded that an increase of 
dextro-rotatory lactic acid is a result of muscle autolysis. | 
Frew®, under Salkowski’s direction, has published the results of a 
few experiments in opposition to Inouyi and Kondo. He employed 
a confessedly rough method of quantitative estimation. Using Salkow- 
ski’s ten-fold volume of chloroform water, without toluol, in the hopes 
of avoiding avy bacterial growth, he found a marked disappearance of 
lactic acid after mae in two cases, but a nearly three-fold i increase é 


2 Zeitschr. f. physiol. Chem. 1907, < 

I Ibid, an. p. 107. 1909. | id. mv. p. 481. 1908. 
* Ibid. ux. p. 18. 1909. | VV ay 
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in a third case. Using, like Inouyi and Kondo, Levy’s double volume 

of chloroform-water, with toluol, he found putrefaction to occur in all 

cases, with an increase of lactic acid in two cases and a decrease in one. 

These results are obviously inconclusive as they stand, while many of 

a the individual estimations depart so widely from probability (e.g. 04% 

1a of zine lactate, or only “ traces” of it, from freshly minced muscle; 03%, 

1 * “fs 06 %, found for muscle after 72 hours’ —— that they lose 
cance, 

Neither Salkowski’s early results then, nor those of Schwiening 

or of Frew in his laboratory, can fairly be set against those of Inouyi 

and Kondo, for the reasons which have been mentioned, and the 

Japanese results must so far be considered to hold the field. In spite 

however of the accuracy and coherence of their quantitative estimations, 

it can be shown that grave fallacies underlie their experimental methods. 


: re i It is in the methods of control observation that these fallacies appear, 
aulit may be worth while to set these out with some fullness because, 
1 though we are only concerned here with the case of muscle autolysis, — 


they. may be found commonly among observations made in recent . 
upon autolysis in a variety of other tissues. 
In the experiments referred to, two chief methods are adopted for 


| 1 be demonstration of an autolytic increase of lactic acid in the muscle 
ip preparation. In each the autolysed muscle is compared with a similar 
ie muscle used as a control which has not been the seat of autolysis, either 
ee (a) because it was extracted and its acid yield estimated imme- 
3 diately after mincing, or (b) because it was boiled for the destruction 
oe af enzymes before autolytic digestion began. In either case it has been 
ee generally assumed, and is so assumed by Inouyi and Kondo, that the 
20 control muscle preparation, whether obtained by method (a) or (0), may 
1 be regarded as a controlling standard of maximum spontaneous acidity, 


and that any excess of lactic acid beyond this standard which may be 

found many hours later in similar muscle after autolytic digestion is due 

_ wholly to autolytic changes. No evidence to support it has been 

advanced by any of the observers who have relied upon this assumption, 

_and the facts given in the preceding sections show thet it is unfounded 
and misleading. 

Under the method of control (a), the control muscle, estimated 
directly after excision or mincing, will invariably contain less lactic acid 
than similar muscle kept near body-temperature (as in autolytic 
- digestion) for a few or for many hours. To what degrée the acid yield 
of the control muscle estimated early will fall short of the maximum of 
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acid ed later by its companion preparation will depend upon two 
chief ‘factors. Its yield will be diminished (1) as the temperature of 
the mincing and extractive processes is lowered below body-temperature, | 
and (2) as the time occupied by manipulation between excision and 


estimation is shortened. Whatever the degree of difference may be in 
a given case, it is the difference between an incomplete and a complete 


attainment of survival acid maximum, and it illustrates nothing else. 


Yet in all their experiments of this type Inouyi and Kondo assign to 


the results of autolysis the whole increase of acid found in muscle 


digested for many hours as compared with muscle freshly excised. 


They give no particulars of the temperature of mincing, and it may be 


presumed to have been at room-temperature, or at least below body- 
temperature, and they make no mention of the time relations of their 
processes. It seems clear that the whole “autolytic” increase claimed 


in four out of their eleven published experiments may be assigned to 
survival changes after injury, and the most significant part of the 


increase claimed in two others. 


The method of control (b) provides an experimental fallacy of i caher = 


kind, not less serious. It has been used not only by Inouyi and Kondo 


but by other observers of autolytic change. In this a sample of freshly 
minced tissue is boiled and then digested, side by side with an 
equivalent but unboiled sample. If the unboiled sample yields more 
lactic acid than the control—and this, in the case of muscle at all 


events, is always to be expected—the increase is assigned wholly to 


the action of enzymes not destroyed. From what has been said of the 
“fixing” effects of rapid heating in muscle it will be seen that the arrest 
of lactic acid formation in the boiled control will take effect at a lower 


point in the scale, in proportion as it occurs rapidly after excision and 
as the temperature between excision and boiling has been lowered. In 
sone of the experiments of Inouyi and Kondo (and of others) the 
tissue’ is not boiled until after rapid mincing, presumably at room- 


temperature and decidedly below body-temperature, and the injury 
survival changes must have been well advanced. But the results 

already given on p. 294 show that even so the discrepancy between boiled 
and unboiled samples is well marked. The discrepancy is due to 


unarrested survival change in the unboiled sample, and there is no 
e for claiming it as the result of autolytic digestion. 
Of the eleven experiments in which Inouyi and Kondo show an 


ern during autolysis of muscle, we have seen that four 
depend upon the fallacies already discussed under control method (a); 
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body-temperature (38—39° C) 
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dit others are based on the control method (6) in which the arrest of acid : 


formation due to rapid heating is ignored, and the results of these again 
cannot be accepted as demonstrating an autolytic increase. 

The manner in which “survival” changes after injury have been 
reckoned as autolytic changes may be seen most clearly by comparison of 
two actual experiments. Inouyi and Kondo give, for instance, the 
following figures for rabbit muscle, in their Exp. IV (loc. cit.), P. 486 : 


(a) 20 lactate 
(6) ineubated 2 days at 88° C. 


In Exp. VII, given above (p. 204 we have for e 


boiled at once, and estimated %% 


bbs difference in lactic acid content between (a) and (b) is assigned 


by Inouyi and Kondo to the action of autolytic enzymes. An inter- 
mediate observation would have shown that the same difference is 


present after two hours, or a little more, as after two days. Their 
experiment gives in fact a demonstration that between the earliest 
hours of incubation and the end of the second day there has been no 
further increase due to autolytic change. They have shown also that 


the acid yielded i is the dextro-rotatory acid. This is of course to be 
expected, since it is the acid produced by the “survival” processes of 
muscle which follow injury. 


The only evidence which has been advanced of autolytic i increase by 


Inoupyi and Kondo which is not explicable in terms of survival change 
is that derived from experiments extending beyond the first day from 


excision, This evidence is much less striking; it shows a relatively 
slight increase of lactic acid in antolysis after the first day in three cases, 
a marked but irregular increase in one case, and a decrease in another. 


Reference will be made to the results of long extended autolyses below, 
_ when the agencies used for avoiding bacterial contamination are 
disomssed. 


In my own experiments I have found no indications of any increase 
of lactic acid in muscle incubated under antiseptic conditions, when 
the early increase attributable to accelerated survival change is ended. 
It has already been seen that after the maximum acid yield of survival 
following injury has been attained the muscle shows no further increase 
beyond this maximum during the succeeding hours of incubation at 
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Fiurther examples showing the same relations will appear incidentally — 


in the experiments to be given in a later section, and it will be 
unnecessary to multiply them here. I have never obtained any evidence 
pointing to an autolytic increase of acid in addition to the survival 
yield. The maximum yield after injury for the case of rabbit muscle 
I find to vary from 45 % to 65% of anhydrous zinc lactate; the 


variations in different individuals depend probably in largest part upon 
variations in fat content. Increase of fat will lower the apparent yield 
of lactic acid found for the muscle, since the yield is expressed in 


percentage of the original gross muscle weight. | 
Volume of the antiseptic medium. The importance of the methods 


used for avoiding bacterial contamination increases as the periods ſor 


observation of.the maintenance of the “plateau” of acid maximum at 


‘ _ physiological temperature become prolonged. 


Inouyi and Kondo, like Mochizuki and Arima and their fellow- 


| workers, have used, in relation to the mass of tissue incubated, twice its 
bulk of chloroform-water. They obtained however the same results 


when they repeated their experiments using the ten-fold volume of 


chloroform-water recommended by Salkowski, and this, so far as their ) 
experiments escape the more obvious objections already raised, enables 


them to meet Salkowski’s criticism that the two-fold volume of 


bacterial attack, | 
But there is no doubt, or at least so I find, that the two-fold volume 


is not often adequate for antisepsis, and perhaps never adequate unless 
used in very narrow cylinders. The muscle mass with so shallow 


a margin of fluid above it cannot be often stirred without serious 


risk of infection, and even without stirring it very commonly becomes 


Frew’, repeating Inouyi and Kondo’s methods, always found 
a “strong putrefactive smell,” and had reason to think, from change 
in the relations of the water of crystallisation, that part of the lactic acid 
yield was optically inactive and due to bacterial fermentation. 


It is probable that there has been another factor in this failure of 3 


antisepsis. Kikkoji*, at Salkowski's suggestion, has made a special 
investigation into the antiseptic properties of various combinations of 
chloroform-water with toluol, and of other bodies. He makes the 
valuable observation that chloroform-water with toluol may actually 


have less antiseptic influence than chloroform-water alone. This he 
Zeitache. J. physiol. Ohem. 5. 100. 1900. 


chloroform-water, with toluol, is inadequate for 
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explains by the relations of partition of chloroform between toluol 


and water respectively: chloroform is much more soluble in toluol than 
in water. There seems no doubt that the addition of a layer of toluot to 
a relatively small bulk of chloroform-water, such as that used by 
Inouyi and Kondo, may dangerously . the amount of effective 
chloroform dissolved in the water. 


The following is an example of the use ote a "two-fold volume of 


5 chloroform-water, with toluol: 


» Exp. VIII. Rabbit. mind, and 


(a) yielded 


110 a 73 ” ” *267 


Faint putrefactive smell in (2) and in None 
“in | 


This 5 shows what I have most 5 found to 
accompany bacterial invasion. Using Inouyi and Kondo’s methods 
J have in almost all cases obtained not an increase but a well-marked — 
decrease of lactic acid on autolysis during two or more days. In some 
cases a relatively slight decline in lactic acid was found where no 
positive evidence of bacterial infection appeared, but since diminution 
of lactic acid always occurred, with exceptions to be noticed below, when 


infection was evident, it is reasonable to suppose that in these cases of 


slight diminution the fall in lactic acid yield was due to infection 
which escaped demonstration. An example of this kind is given ip 
Exp. IX: another instance of the same effect may be noticed in 
estimation @ of Exp. XIV (p. 907). | 


samples, and each incubated under double volume of chloreform-Ringer, with toluol, 


(d) 5⁴ 55 sae 39 
bacteria found, No suspicion of putrefuetive smell. 


While the commonest type of bacterial infection found i m unsuccess- 


ful incubations leads to a loss of lactic acid, it may happen (as would be 


expected) that specific infection by lactic acid producing organisms 
shows itself upon occasion, An example of this will: be. given in 

20—2 
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It bas been seen that the results of prolonged autolyses of muscle 
given by previous observers have been irregular and conflicting. Since 
we have the three possibilities of (1) no bacterial infection, (2) infection 


leading to lactic acid loss, and (8) specific infection leading to lactic acid 
gain, both quantitative irregularity and qualitative contradiction in 


results are to be expected. Where infection occurs at all, the habits — 
‘and accidents of the laboratory will determine its nature. Under 


conditions of partially successful antisepsis, the results of infection will 
not often be gross, and a demonstration that the lactic acid finally 


weighed in a given estimation is dextro-rotatory does not exclude the 
presence in it of some added fermentative acid. The amount of such 
an addition, reckoned as d-lactic acid, may then appear in a table of 


results as an important increase due to a supposed autolysis. 


While the small volume of chloroform-water used by Inouyi and 
Kondo and their predecessors is inadequate for antisepsis, and probably 
still more inadequate when toluol is added, it has been found to be 
inconvenient and unnecessary to use Salkowski’s ten-fold volume: no 


advantage appeared to be gained from the use of so large a volume, and 


the preparation of the alcoholic extract of the residue from the fluid was 


lengthened. I have used in ordinary routine a volume of chloroform- 


water (or chloroform-Ringer) 3-4 times the bulk of the tissue, without 


the addition of toluol, and I have not found evidence of infection under 


these conditions, The following experiment may be regarded as typical, 
and it shows the long maintained constancy of lactic acid yield when 
the antiseptic conditions are preserved. : Sa 


Exe. X. Room-temperature, 24 O. Rabbit. Muscle minced, mixed and divided to 


five nearly equal samples. All incubated under chloroform-Ringer (350 0. 0. to each) 


at 89° 0. | 
(a) gms. incubated 1 day, yielded 418%, 
(6). 1004 „ 2days „ 
(e 1004 „ 
(d) 100-4 4 ” 412 
le) 100˙4 5 ” 434 


It will be seen that the estimations given in such an experiment do 
not give identical results, though they are arranged closely about a 


maintained “plateau” of acid yield. The quantitative variations, so far 
as they are not due to possible errors in the lengthy processes of estima- 


tion, might well be due to the difficulties of obtaining as many as five 
exactly equivalent samples of muscle. As the number of samples to 


be obtained for observation is increased the difficulties of rapid and 
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that no such process as alcoholic fermentation occurs in excised animal 


completely successful shuffling increase, and delay in manipulation will 
introduce farther errors from irregular drying of the muscle samples and 
consequent alteration in weight-values. It has been noticed, however, in 
practice that the minor irregularities of the order seen here are commonly 
found when long periods of incubation are taken, and they are absent 
or less noticeable over shorter periods—as in Exps. I, II, XIV, for instance. 
It seems possible that they may be due to minimal and undetected 
bacterial action. It is clear, however, that the results give no evidence 
in arene of autolytic — of lactic acid during prolonged 1 incu- 


TL THE ALLEGED RELATION OF LACTIC ACID FORMATION 10 | 
| A GLYCOLYTIC ENZYME IN MUSCLE, 


Much prominence has recently been given to the experimental 1 
of Stoklasa and his colleagues which have suggested that the lactic 
acid formation in muscle is due to a fermentative glycolysis, during 


which lactic acid appears as an intermediate product in the changes 


which finally yield CO, and alcohol. Upon this view, the absence of 
autolytic production of lactic acid after the attainment of the acid 


maximum following injury which it has been attempted to establish in 


the preceding section might be accepted as showing not the absence of 
a glycolytic and acid-forming enzyme in the muscle preparation, but 
rather the exhaustion or absence of available substrate material. If 


this were so, the addition of dextrose to the muscle during survival or 


during autolysis should lead to an increase in the lactic acid yield. : 
Stoklasa’s experiments in which he obtained glycolysis with 
muscle preparations were not directed specially to the question of lactic 
acid formation. He showed that lactic acid appeared during the yield 
of CO, and alcohol from the fermented sugar: the acid was not de- 
termined by direct quantitative methods; it was not dextro-rotatory, 
and the direct application of his results, even as they stand, to the 
discussion of muscle physiology is hardly justifiable. It is doubtful 
moreover whether Stoklasa’s fermentation was directly connected with 


the musele extract he used. Harden and McClean* have recently shown 


the extreme difficulty of carrying out experiments by Stoklasa’s methods 
without bacterial contamination. Their results make it appear probable 


1 Ctrl, F. physiol. XVI. p. 712. Etc. 
2 This Journal, xu. p. 64. 1911. 


4 
i 
4 
4 ree 
| 
8 
. 
72 
ig 
“a 
on 
2 
* 
— 
jai 


9 LACTIO ACID IN MUSCLE. 


tissues in the absence of bacteria, and, at the least, they have shown 


that the only evidence which has been advanced up to the e time 
in favour of such fermentation is inadequate. 

The recent observations of Ransom! appear to supply, in support of 

| Sto klasa’s views, direct evidence of an increase of lactic acid in muscle- 


plasma due to the addition to it of dextrose, and the acid is spoken of ; 
as the same as that yielded during the onset of rigor mortis. He finde 


that in the presence of added dextrose (or glycogen). the amount of 
lactic acid formed in muscle-plasma prepared from frozen muscle is 


greater, and the resulting coagulation firmer, than is the case when no 


carbohydrate is added. The addition of dextrose causes a “super-rigor 


due to the extra production of lactic acid,” and it is concluded that, as 
Stoklasa suggested, muscle-plasma contains a ferment or ferments 
capable of converting dextrose or glycogen into lactic acid, CO, and 


alcohol. 
It must be considered doubtful however whether Ransom’s 


conelusions are justifled by the experimental results actually obtained. 


The fermentation of the added dextrose, with lactic acid formation, is 


said to begin almost at once in the case of frog’s muscle-plasma after 
exposure of the preparation to temperatures of 15°—32°C. But only two 


experiments are given. In one, varying amounts of dextrose were added 


to similar samples of plasma, and the number of gas- bubbles present 


aſter 16 hours at 32 C. was found roughly to be in proportion to the 
amount of added sugar: no antiseptic is mentioned and no estimations 


were made. In the other, frozen frog's plasma to which dextrose had been 


added was found to become rapidly acid on thawing at 15°C. But there 


was no control observation, and frozen muscle-plasma, as is well known, 


becomes rapidly acid on thawing, without the addition of sugar. 


In the case of the plasma from fowl’s muscle, the eee is | 


said by Ransom to be slower, but to be observable within an hour: no 
experimental evidence of it, however, is given after less than 16 hours’ 


incubation at 32° C, and this apparently without antiseptics. The results 
of these lengthy incubations show that the addition of sugar increases the 
gas-bubbles formed, and increases the acidity found on titration, The 


increase of acid is assumed to be increase of lactic acid without any 


reason except that lactic acid was shown to be present by qualitative 


test; the gas was assumed to be CO, without analysis. The results 


— suggest bacterial activity, and Harden and e 
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W. M. PLETOHER 305 
indeed (op. cit.), having repeated the experiments and obtained the 


same phenomena, find the gas-bubbles to be mostly hydrogen. 


My own results with added.sugar are got in harmony with those of 
Rauson, except when bacterial contamination was allowed to become 
evident, I have not succeeded in observing an increase of lactic acid 
in surviving or in autolysed muscle, mammalian or amphibian, to follow 
the addition of dextrose, as will be seen in the experiments to a ila 
below. 

Mammalian muscle, The addition of dextrose to the sninced ‘amie | 


‘is not found to affect the yield of acid during antiseptic incubation — 
under chloroform-Ringer. Yet 4 constant feature of the experiments has 


been that whenever bacterial growth has occurred by partial failure of 
the antiseptic conditions it has been favoured by the presence of the 
sugar and its results have been magnified accordingly. This is well 
shown in Exp. XI, i in which, after a first stage of complete ers 
bacterial invasion was intentionally secured. | 


_ Exe. XI. Room-temp. 26°C. Rabbit. 
similar samples. 250.0.c. chloroform-Ringer, without toluol, added to each. To samples 
0e) and (d) 1°5 gms. pure dextrose were added. All were incubated at 39° C. for 24 hours, 
when (a) and (b) were extracted for estimation. 


Zine lactate 
(a) 69°6 gms. incubated at 89° C. for 24 hours, yielded cas 880 % 


The stoppered cylinders of (0) and (d) were now opened and s large part of me | 
chloroform allowed to evaporate. Each was stirred again, closed, and incubated for a 
further period of 24 hours. At the end of this time bacteria were found readily in (e) and 
in great profusion in (d). Both smelt very strongly of chloroform, neither had any 


66-8 gms. incubated ‘at 0. for 2 days, pielde 66 % 


2 It will be noticed that after 24 hours’ autolysis the sample of minced 


muscle incubated with 1:5 gms. of dextrose—immersed, that is, in a 6% 
- dextrose solution—gave the same yield of acid as the equivalent control 


sample without sugar. 

In the eases of the other pair of similar samples, infection was 
encouraged in each, and oceurred in each, though the bacterial growth 
wag restrained by the presence of much remaining chloroform. Without 
sugar a very small, increase of acid was found: with sugar, the yield was 


increased by'65°/, in 24 hours. This large yield of fermentative lactic — 
acid from the sugar must be compared with the increased acid yield 
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306 LAOTIC ACID MUSCLE. 
obtained in many cases by Ransom on the incubation of muscle- 


plasma. 


Tt bas been found in practice that where a yield of the fermentative acid is being 


estimated its behaviour in the preparation of its anhydrous zinc salt is different from that 
of the dextro-rotatory sarcolactic acid. The latter loses its water of crystallisation 
completely on the water-bath: though in routine it has always been kept in the oven at 
105° ©, before cooling and weighing, it may be cooled at once, straight from the bath, and 


then be found already to have reached constant weight, unlowered by subsequent pro- 

longed heating in the oven at 105°C. This is not 80 in the case of the fermentative acid: 
it reaches constant weight much more slowly, sometimes not before an hour or more in 
the oven, and it is not safe to accept any weighing as final until after reheating has been 


found to give no loss of weight. This difference in behaviour is usefal in practice in 
giving indication of the addition of a fermentative yield of acid to a survival sarcolactic 


yield when the yields are too slight in absolute amount for proper polariscopic determina- 


The substitution of glycogen for sugar in experiments of the same 


tind has given similar negative results: the following example is 


typical : 


Exp. XII. Room-temp. 15°C. Rabbit. Muscle minced, mixed and divided to two 


similar sets, 300 c.c. chloroform-Ringer added to each. 1 gm. pure glycogen (prepared 


sf from rabbit’s liver) added to one; both thoroughly stirred before, and at intervals during, 
inocubation at 89° C. 


(a) 82-6 gms. incubated 24 hours alone 610% 
5 „ ” „ with I gm. glycogen “615 


Tt has been seen already (p. 301) that the use of smaller volumes of 


chloroform-water, with toluol, is attended by increased risk of bacterial 


invasion. I have found that under these conditions the result of adding ) 
dextrose to the incubated muscle has generally been to disturb slightly 


the amount of acid yield, either by increase or decrease, and more 


commonly by slight decrease. It has been pointed out already that — 
the bacterial growth, often so small or so local as to escape detection, 
will be associated either with destruction of lactic acid, or with formation 8 


of new fermentative acid, according to its specific nature. 
The following experiments show this: | 


Fx. XT. Room-temp. 18°C. Rabbit. Muscle minced and mixed for two sets. 
100 0.0. chloroform-Ringer, with toluol, added to each. 2 gms. pure dextrose added 


to (b). Incubated at 38° 0. 
Zinc lactate — 
_ (a) 84-7 gms. at 38° C. for 44 hours, yielded 


885, ” (2 gms. dextrose), yielded. 56 
(ZnO determination, (a) and (b) together, gave 88-25.%,. Theory 85 · 44 %.) 
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W. M. FLETCHER. 807 
. XIV. Room-temp. 20°5° C. Rabbit; Muscle minced and inixed for four equal 


Zinc lactate 
inoubated at 88° O. for 6 hours, yielded 
5 20 „ 72 „ 
le) ” 28 „ 631 


„ ‘(41 gm. dextrose), yielded 
determination, (c), 88 /, Theory 83-42 %,.)} | 

_ (©) and were similacly treated throughout, for control of methods of shutting and 
estimation. | 


In each it will be seen that the addition of sugar has affected, 


though very slightly, the acid yield. It is possible that the disturbance — 


in quantitative resulte produced by the sugar, if not due to accidental 
error, may be due to some effect upon the methods of extraction and 
estimation caused by the presence of the sugar in solution. There seems 


3 no obvious reason for supposing this, and I am inclined to attribute it 


to minimal and unnoticed bacterial action, present perhaps in all the 


muscle samples of the experiments just quoted, but so encouraged in 


the presence of the sugar as to affect in a small degree the yield of acid. 
Here again we are to suppose that the result, whether in slight increase 


or decrease of yield, will depend on the specific nature of the otherwise 


unnoticed infection. 
But however this may be, it is quite obvinas that the results of 


addition of sugar to the incubated muscle provide noevidence 


at all of any glycolytic formation of lactic acid due to enzymes 


in the muscle itself. No production of lacticacid which passes 
the limits of possible experimental error has been found in any 


case except that of obvious and gross bacterial contamination. 
Amphibian muscle. Further experiments have been made with frog 


muscle because with this the effects of adding sugar during survival 


at room-temperature and without antiseptics can be followed, as well as 
the effects of adding it during incubation at 38° C. for autolysis. In all 
cases the results have been negative: no evidence has been obtained of 
a glycolytic yield of lactic acid. 

At physiological temperatures the addition of datas to finely 
divided muscle does not affect the acid a as may be seen in the 
following experiment. 


Exp. XV. Room-temp. 18°3° C. 


Muscles removed and weighed, and each set ground with sharp sand in a mortar until a 


perfectly smooth magma was obtained. During grinding, 15 c.c. Ringer solution was 


_ sided to (b), 6 e.c. Ringer + 10 b. e. 10 % dextrose to (a). The two muscle masses (a) and 
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98 140 ACID IN MUSCLE. 


were ‘then put in covered’ dishies, kept in air af 105 C. for 24 hoars, and finally 
extracted as usual with alcohol for estimation. At the end both were exactly similar in a 


appearance and no signs of bacterial change were found. On estimation, 

Mime lactate 

(a) 40 gms. 41 gm: dextrose in Ringer, after 24 hours at 19° ©. gave +498 % 
(0) 45-8 gms, + Ringer only” ” ” ” *510 


: In other experiments the frog’s muscle was 3 for short 
periods at supra-physiological temperatures, but again no evidence was 
gained of glycolytic lactic acid formation. In cases of this kind the 


addition of dextrose secured most commonly a small, but sometimes a 
large, decrease of lactic acid, and this I attribute to ee 
bacterial change accelerated in the presence of the sugar. 5 


Err. XVI. Robm-temp. 16 C. Limbs of 24 frogs mixed and divided into three sets. _ 
The mnseles of sets (a) and (b) were ground with sand as in the last; during grinding, 


20 ¢.c. Ringer solution was added to (a), the same containing 1-5 gms. pure dextrose was 
added to (b). Both muscle masses were then incubated in closed flasks at 89° C. for 
4} hours. The limbs (e) were left uninjured, and incubated with 20 c.c. Hanger in 1 flask 
On estimation, 

Zinc lactate 


49-3 ene Ringer only 4h hours at 0 . 478%, 
00 45-1 Sms. ＋. 14 gms. dextrose in Ringer 55 ” ” ” 295 
(e) 41°7 gms. uninjured for heat-rigor _,, 


ee No examination for bacteria was made. 


‘It will be ‘noticed in this experiment that a practical identity of 


lactic acid yield was reached by samples (a) and (c). The extreme of 
injury done to (a) in the grinding with sand brought it to the same acid- 


maximum as that for the full heat-rigor of the undamaged m of 


(oh In this, as in the next experiment, the diminution in final acid 


yield shown by the samples containing added sugar, must be a 
to the beginnings of bacterial infection. In these short experiments, as 


: in Ransom’s longer experiments, no antiseptics were used, 


Exe. XVII. Room-temp. 18°5° C. Limba. of 26 trogs stmufiled to three. sets. ‘The 


during grinding to each; 2 gms. dextrose ‘were dissolved in the Ringer in the case of (b), 


1 All were incubated in closed flasks at 34° ©. for six 
On estimation, 


In other experiments the muscle, after being soaked in a dextrose 7 


of sacs set ground to smooth magma with sand. 20 6. of Ringer were added 


was to freezing point and 
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W.MFLETOHER, 3500 
It was thought possible that the dextrose, thus presented to the muscle, 


might be available if any glycolytic action had its seat in the muscle 
as the fibres, when allowed to thaw, showed the accelerated survival 


processes characteristic of thawing muscle. It should be noted that 


Ransom obtained the effects which he claimed as due to tissue- 


glycolysis, by the use of frozen muscle-plasma subsequently allowed to 


thaw in the presence of dextrose. In my observations the presence of 
added dextrose has never affected the acid yield of uninjured muscle in 
the hastened survival changes of thawing after freezing: the results 
have been as negative as those found for whe hastened muscle e 
after mechanical destruction. 3 


Exe. XVIII. Room-temp. 18° 0. Frog. 
placed uninjured with 10 0. 0. Ringer in closed flasks maintained at 0° C.—1° C. for 24 
hours. In the Ringer of (b) ‘5 gm. dextrose had been dissolved. After 24 hours in the 
cold the flasks were kept at 10 C. for 24 hours, when stiffness was beginning. No 
The 


60 82-4 gms.“ without dextrose 83 % 
(b) 88-3 ms.“ with 


fom ofthe ton of 


the: weight of the whole limbs. 


dextrose in 35 b. 0. Ringer added to (a), 85 0.0. Ringer alone added to (b). After two hours 
nt room-temperature, both sets were frozen for 48 hours in a mixture of ice and salt, 
renewed from time to time. The muscles were now frozen in a solid mass with their 
plasma and Ringer. This was left to thaw at 20 C. The onset of stiffness and the 
decrease of irritability were observed from time to time and after 10 hours both were stiff, 
but not clotted to opacity, and both were unirritable by the strongest induced shocks. No 


difference between the two muscle sets could be detected at any stage. After a further 
| period of 10 hours at 20° C., the muscles were removed for estimation. 


found for mammalian muscle. In no case has any evidence been 
found for a glycolytic formation of lactic acid by living muscle 
or by dead and disintegrated muscle. In the incubations performed 
without antiseptics the addition of sugar has ulways led to a diminution 
in the amaunt of lactic acid present by favouring the onset of bacterial 
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IV. CONCLUSIONS AND SUMMARY. 


f It has been contended that we have no trustworthy evidence for | 


thinking that any additional production of lactic acid occurs in the 
long continued self-digestion of muscle fragments which have already 
reached their normal maximum of acidity upon death, and, further, that 


there is no reason to believe that the dead muscle cells or their expressed 
contents have the power of producing by glycolytic enzyme action a 
further yield of lactic acid—whether dextro-rotatory or inactive from 
added carbohydrate material. That is to say, we have no knowledge of 


any production of lactic acid by muscle cells excepting that which 
occurs during life or during the survival processes leading to death. 
What light we have on the question of the sources and the mode of 
origin of the dextro-rotatory acid so produced is very slight, and comes 
only from a consideration of the outlines we have already of the course 


of the survival production of acid by undamaged and by damaged muscles 


respectively. 

The survival production of acid “spontaneously” by undamaged 
muscle after the blood-flow has ceased (and in the absence of oxygen) is 
in equal amounts in equal times, and it has been pointed out! that it is 


not easily explained as being due to‘intra-cellular enzymic action. It 
is provisionally explicable on the hypothesis that the acid is derived 
from unstable material previously elaborated, and the peculiar linear 


relations of the spontaneous yield may be taken to indicate that the 
unstable precursor is maintained in constant amount by an unknown 
process which ends as irritability ends. Without supposing such a 


maintenance of the precursor at constant “head” it is difficult to account — 


for the absence of a change in the rate of acid production as it pro- 


ceeds, 
The yield of acid by muscle dying after severe mechanical injury has 
different characters. It is rapid at first and then progressively slower 


as it reaches its predetermined maximum. This yield has been spoken 


of more than once as a “survival” yield, in order to distinguish it from 
such a yield of acid as that which has been alleged to result in autolysis — 
from the action of supposed free enzymes in muscle preparations, and it 


seems probable, in justification of this, that the yield after injury is an 


accompaniment of subsisting but rapidly declining irritability. If calling 
it a “survival” yield for the present, however, is to use what is at least 


1 Fletcher and Hopkins. Loe. cit. 
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W.M.FIBTOHER 3 
a convenient figure of speech, it is nevertheless most important. that 


until experimental enquiry has gone further we should not prejudge 


the question whether the injury yield is identical in its sources and 
mode of origin with the yield from undamaged muscle, or not. 

It is natural to suppose that the yield of acid by the muscle dying 
after injury is derived from the same sources as that produced by the 
undamaged, or at least un-disrupted, muscle, and that the acid after 
injury is delivered from the same preformed unstable material, whose 
amount has been determined by previously existing conditions. This 
view is strengthened by a consideration of the remarkable constancy of 
the maximum yield attained by similar samples of muscle allowed under 


very different circumstances of injury, or heating, or chemical irritation, 


to reach it. But this is at present uncertain, and it is still more doubtful 


whether the mode of origin of the acid after mechanical destruction of 


the muscle fibres has any counterpart in the mode of origin of the acid 
yielded by the undamaged muscle deprived of oxygen. Both questions 
must be left for further experimental analysis, 

Meanwhile it is a great gain if they can be freed from the prejudge- 
ments which have come inevitably from the common beliefs that lactic 
acid producing enzymes can be demonstrated in muscle autolysis, and 
that glycolysis, with lactic acid formation, can actually be effected by 
dead muscle preparations. It seems clear that, whatever be the nature 
of the acid yield after injury, no further production of lactic acid 
takes place after the characteristic acid maximum has been reached. 
The maximum appears to be predetermined by previous intra- cellular 


events, and its amount is probably fixed because it arises from a fixed 


amount of specific unstable precursory material. 


The results may 15 summarised as follows: 
1. Lactie acid production in excised mammalian muscle, as in 
amphibian muscle, is accelerated by the mechanical injuries of cutting, 


‘mineing or grinding, and at body-temperature it leads to a final maxi- 


mum yield within an hour or less, But the maximum yield of acid is 


not reached instantaneously even upon the severest injuries. The rate 


of production depends chiefly on the temperature: if the muscle has 


cooled, for instance, to room-temperature; during the infliction of injury, 


the attainment of the maximum yield of acid is markedly delayed. 
Muscle, accordingly, which is examined immediately after even the 
severest injuries always contains less, and often much less, acid than the 


a maximum it would have reached later. 
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$12 LAOTIC AOID IN MUSOLE. 
2. Mammalian: muscle, like amphibian muscle, after rapid destrac- 


tion by heating; yields less lactic acid than it would have produced if 


allowed to proceed to the maximum of its spontaneous acid production 
in survival. The diminution is more marked the earlier the heating is 
inflicted during survival. oes | 
2 3. The evidence hitherto produced of an autolytic production of 
usctic acid by muscle cannot be accepted. The greatest weight of this 
- evidence relates to periods of autolysis including the first day, and it 


5 has been based upon fallacious methods of control in which the factors 


in survival change just mentioned have been ignored ; as a consequence 


survival changes have been unwittingly reckoned as autolytic changes. 


Less striking and more scanty evidence has been advanced for an in- 


crease of the acid in later periods of autolysis, but this is weakened by 


the probabilities of bacterial invasion under the described conditions. 
4. Muscle which has reached its maximum of acid yield in survival 
produces no further lactic acid during subsequent periods, early or late. 
There is no subsequent “autolytic” production of lactic acid by muscle. 
5. No glycolytic enzyme leading to lactic acid formation appears to 
exist in muscle. After the addition of dextrose to intact surviving 
muscle, or to preparations of disintegrated muscle, no increase of lactic 
acid is found in the absence of bacteria. In the presence of bacteria 
the results depend upon the specific nature of the infection: the d-lactic 
acid already present in the muscle is commonly diminished, but with 
specific infection a large yield of optically inactive acid may occur. 


VCC 
¥ 
2 
5 
27 ic 
‘ 
E. 
| 
> 
| 
Tes 
4 | 
Bee 
» 
‘ 
| 
12 
4 
| 
7 
RS 
‘ 
6 
: 
t 
* 


;ͤ 


THE INNERVATION OF THE CORONARY VESSELS. 
By T. G. BRODIE, MD, FRS. (Professor of Physiology, 
University of Toronto), anv W. C. CULLIS, D.Sc. (Lecturer 
omen), 


Brom the Laboratory Landon of 


5 In the course of our experiments upon the isolated mammalian east 


we had occasion to study the action of various substances upon the 


heart beat and upon the rate of flow of the perfusion fluid through 


the coronary vessels. In the latter connection we gained evidence 
that in many instances adrenalin caused what appeared to be a 


preliminary constriction of the coronary vessels, the dilatation de- 


scribed by other observers being apparently a secondary effect. This 


led us to carry out a number of experiments more particularly directed 


to the determination of the action of adrenalin upon the coronary 


vessels, because of the important bearing this point has upon the 


question of a sympathetic vaso-constrictor nerve supply to these vessels. 


Work upon this question has already appeared. Schäfer, employing 


the isolated hearts of rabbits and cats, injected as much as 000016 to 
00006 grm. of adrenalin. He observed no effect upon the rate of flow 
of the perfusion fluid although the heart was greatly affected. Nor 
did he succeed in effecting any change by stimulating the extracardiac 


nerves. He therefore concluded that the coronary vessels were not 


supplied with vaso-constrictor nerve fibres. The problem was next 


investigated by Langendorff who in the first instance measured the 
outflow from the coronary vessels during perfusion. Using this method 


1 Schafer. Quoted from Zntrib. f. Physiol. xrx. p. 218. 1906. 
2 Langendorff. Zntribl. Phystol. xxx. p. 561. 1907. 


7 ‘ 
AY 
E, 
sf 
; 
7 
* 
— 
. 
E. 
7 
al 
2 
4 
3 
8 
ope 
— 
8 
4 
ay 
2 
* 
* 
ye 
2 
2 + 
Me 


CORONARY VESSELS. 


he came to no conclusion on account of the difficulty of determining 
whether a change of flow was due to vaso-motor effects or was of 
mechanical origin produced by variations in force of the heart beat. 
Experiments upon the fibrillating heart, upon hearts arrested by the 
administration of a dose of potassium chloride as also upon dead hearts 
in rigor mortis all gave unsatisfactory results. In the last series of 
experiments he adopted the method of O. B. Meyer’ of recording 
changes in length of rings of arteries immersed in saline solution. 
For this purpose the coronary vessels of the ox heart were chosen. 
Under these conditions adrenalin produced lengthening and Langen- 
dorff therefore concluded that the coronary vesséls receive vaso-dilator 
fibres from the sympathetic. This last result has been confirmed by 
Cow? upon the coronary vessels of the sheep's heart. 

In our first set of experiments we recorded changes in the rate at 
which the perfused fluid dropped from the heart, the heart hanging 
vertically from a cannula tied in the aorta, In all instances the heart 
was perfused with oxygenated saline solution. The method of recording 
the rate of outflow of fluid was as follows. The fluid dropping from 
the heart was caught in a large funnel and carried ‘into a vertical tube 
53 ems. long and 6 mm. in diameter. This was one of three tubes passing 
through a cork into the interior of a small bottle. The second tube, 
also vertical, was connected’ at the top to a sensitive volume recorder. 
The third was a thick-walled capillary tube, turned horizontally im- 
mediately above the cork of the bottle. This tube was 60 cms. long 
and of such bore that it took a pressure head of from 10 to 30 cms. of 

water to force fluid through it at the rate at which the saline passes 
through the heart during perfusion. The principle of the method then 
was to collect all the fluid from the heart in the one vertical tube and 
allow it to escape through the horizontal capillary tube. The fluid at 
once begins to rise in the two vertical tubes and continues to do so until 
a height is reached at which the fluid is driven through the horizontal 
capillary at the same pace as it is entering the apparatus. This height | 
is then registered by the volume recorder attached to the second vertical! 
tube. Hence if the volume recorder registers a horizontal line it 3 
indicates that the rate of flow of fluid remains unaltered. A rise of a 
the record indicates an increase in rate of flow and a fall a decrease. 
The apparatus was calibrated at the outset so that a definite height in 
the recording tube was known to indicate a definite flow. All that was 


} Meyer.» Ztschr. Biol, xxx. p. 852. 1906. 
Cow. This Journal, xum.p.182: 19011. 


al 


om 

1 

21 

1 ‘ 

1 

| 

1 | 
* 

| 
| 

Re 

— 

ia 

1 

ae 

= 

> 

3 

3 

| 

i 

~ 

« 

ty 
* a 


FFP 


T. G. BRODIE AND W. d OULLIS. $15 


necessary in an experiment then was to take readings occasionally of 
the height of the fluid in the vertical tubes. In addition to this, 


frequent estimations of the rate at which fluid was dropping from the 
horizontal tube were also taken. This method proved very convenient 


for recording changes in rate of flow through an organ which is being 


perfused, the main disadvantage being that a fresh equilibrium for a 


new rate of flow is not attained instantaneously. 


In Fig, 1 we produce a tracing obtained in this way illustrating the 
action of adrenalin. The first effect upon the rate of flow is seen to be 
a-diminution commencing synchronously with the cardiac acceleration 
and augmentation. Later this passes off and is followed by an increase 
in flow. In the application of this method to the particular case of the 
heart there is however a disadvantage which made us in the end have 


_ recourse to a different procedure. This is that the fluid issuing from 


the coronary vessels is in the first instance collected in the heart 


Fig. 1. Rabbit's heart. Injection of 0000002 grm. adrenalin hydrochloride at point indicated 
on abscissa line, The middle tracing indicates change in rate of flow of the perfusion 
fluid. The figures above this line give the heights of the liquid in the recording vertical 


- cavities both right and left and in nearly all cases not completely’ 
emptied with each systole. If then the heart begins to empty itself 


more vigorously the extra amount discharged from the right ventricle 


appears on the tracing as an increased flow through the heart and 


conversely retention of fluid in the ventricle may be interpreted as a 


diminished flow. We therefore adopted another and more sensitive ae 
method. This consists in placing the heart in a closed chamber (Fig. 2) 


in the form of a wide horizontal tube tapering at one end. The wide 


end is closed with a rubber cork through which the perfusion cannula 


passes and the heart lies in the first portion of the tube. The opposite 
end of the tube has a wide receptacle blown on its under surface, and 
this terminates in a narrow tube with a glass tap. Lastly the free 
end of the horizontal tube is drawn out to a capillary orifice wide 
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enough to allow a thin silk thread to pass through freely. The fluid 
after pussing through the coronary vessels collects within the receptacle 
and ig allowed to drop away through the tap: To record the heart beat 
4 fine hook is attached to the ventricle of the heart, and by means of a 
thread passing through the capillary orifice the contractions are recorded 
by a crank lever. The capillary orifice is rendered air-tight by running 
a drop of oil up the capillary, thus converting the chamber into a 


FPlethysmogroph. Lastly, by s shott lateral tube the heart ohamber is 


contiected by rubber tubing to a sensitive volume recorder. If the tap 


Fig: Heart 


adjusted until the recorder writes a straight line. The rate at which 
thé fluid is dropping from the heart chamber is the tate of flow through 


rise or fall of the tracing. In order to keep the record within the best 


limits when any change in rate of flow of some duration has been 
oa we either inject or withdraw small volumes of solution diteotly 

ato the heart chamber by means of a graduated syringe. In the 
tracings reproduced in this paper the aniouut injected or withdrawn 


each time was 1 66. ae 


be closed the recorder registers the raté at which the perfusion fluid is 


passing through the coronary y vessels. The tap 1 now opened and 


the heart and any chatige in that tate of flow is at once indicated by a 


range for thé volume recorder, and to keep the tracing within convenient 
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The effect of a small dose of adrenalin as recorded by this method is 
The tracing shows the onset of à marked fall in rate 
ot flow commencing a few heart beats before the cardiac augmentation 
ae ! and acceleration and at once attaining ite maximum intensity. This 
persisted for 80 secs., during which time it was necessary to inject 1 c.c. 


7 


causes a sudden fall in the volume tracing. On account of its sudden- 
ness this can always be detected at once and so never leads to any 
| In all 


Sha 


22 


21—2 


dn five successive occasions, Between the 80th and 100th seconds the 
1° diminution in flow was converted into an increase of a much more 
pe prolonged character (450 secs.). This tracing can be further analysed 
5 in the following way. The rate at which fluid was dropping away from 
5 the heart chamber was 87 c.c. per minute. During the fall in rate of 
x flow it was necessary to inject 4 cc. during the minute in order to 
Ee maintain the tracing at the original level. Hence the flow had fallen 
to 47 cc. per minute, te. it was nearly reduced to one half. At the 
5 height of the subsequent i increase’ in flow 2°6 cc. of fluid were with- 
3 drawn during a minute so that the flow had risen to 11-3 oc. per 
Rabbit's heart. Injection of 000001 grm. 
5 solution. Upper record, ventricular contractions. The separate contractions are 
ie _ indistinguishable in the Figure. Lower record, rate of flow. A horizontal line in 
85 cis tracing indicates a rate of flow of 8-7 c.c, per minute. The verticals indicate the 
We would also call the with which the 
5 increase in flow disappears at the end of the tracing. This method has 
. proved very convenient and simple. It is also, as the tracings show, 
. extremely sensitive. There is only one disadvantage which, however, 
5 does not occur frequently. This ia that the left ventricle may now and 
* again discharge some of its contents into the aorta and cannula which 
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perfusions of the heart, fluid invariably collects in the left ventricle ; 
this fluid comes either from a slight leakage through the aortic valves 
or as usually from the coronary vessels through the veins of Thebesius. 
If the mitral valve be intact the fluid commonly collects within the 
ventricle, for in perfused heart the force of the contraction is but 
rately forcible enough to empty the ventricle at each beat into the 
distended aorta. The difficulty may be obviated entirely either by 
destroying the mitral valve, which is the best plan, or by inserting a 


small rubber tube through the auricle into the interior of the ventricle. — 


In the latter plan there is some difficulty in maintaining the tube in 


its place without — with the freedom of the ventricular 


action of adrenalin on the coronary 


We have already stated the general result we have obtained ls & 


typical tracing has been given. The most important point is, of course, 
the preliminary decrease in flow and the interpretation to be placed 


upon it. Does the result mean that the first effect of adrenalin upon 


the coronary vessels is to cause a constriction? If this is the case, why 
is the constriction so speedily converted into a dilatation? The essential 
point in which the decrease in flow brought about by adrenalin in 
these experiments differs from the ordinary vaso-constriction seen with 


moet systemic vessels is its very short duration. As ordinarily adminis- | 
tered in perfusion experiments through other organs the constriction — 
produced by adrenalin is extremely persistent. In the instance of the 


heart we have found that the period of decreased flow is frequently even 
shorter than that seen in Fig. 3. At times indeed it may be almost 


absent. On the other hand, the extent of the decrease in flow is often 
80 marked as to be quite comparable to the similar action of adrenalin | 


on other vessels. Further, the change exactly reproduces in the sudden- 
ness of its onset the typical reaction of adrenalin upon innervated 


vessels. The chief difficulty then is to explain how this big diminution _ 


in flow is so rapidly converted into an increase. 


Before we proceed further there is one possibility other than vaso- 


constriction to be considered. This js that the diminution in flow may 


not be due to contraction of the coronary vessels at all but may owe its 


production to a mechanical cause. As the adrenalin produces its 


augmentor and accelerator effect upon the cardiac muscle, so in pro- 
portion a mechanical hindrance to the flow through the coronary — 
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capillaries may be produced. It is bot known whether the flow through 
the coronary vessels is impeded with each cardiac contraction. Perhaps 


it is even arrested at each beat, so that blood flow through the heart 


only occurs during the diastolic period. If then the heart be made to 
beat more rapidly, a change brought about at the expense of the diastolic 
pause, the result must be a decrease in the total volume of fluid passing 


through the heart muscle per minute. There is, however, one point 


which clearly proves that this cannot explain the diminution in rate of 
flow in our experiments. This is that the decrease in rate usually 
precedes the cardiac muscle effect. Also it attains its maximum 
intensity at once. The augmentation and acceleration is much more 
gradual in its onset and often does not attain its maximum until the 
diminution in flow has been converted into an increase. Hence we 
conelude that the decrease in flow after administering adrenalin is in 
reality due to contraction of the coronary vessels, The corollary to this 


is that these vessels receive a set of vaso-constrictor nerve fibres from 


the sympathetic system. 

Let us next turn attention to 5 second Phase, the increase in rate 
of flow. From reasoning similar to that given above this again is a 
vascular response, a dilatation of coronary vessels, There are two 
possible explanations to be considered. Either the reaction is due to 
excitation of vaso-dilator nerve endings, or to the direct action upon the 


vessels of some substance produced within the heart as a result of 


the excitatory effect of the adrenalin upon the heart muscle. Let us 
consider the latter alternative first. The marked increase in cardiac 
activity due to the adrenalin is of course accompanied by an increased 
output of metabolites, foremost among which we may think of carbonic 


acid. We have on many occasions tested directly the action of carbonic 


acid upon the coronary and other vessels. In all instances in con; — 
firmation of the results of several workers upon systemic vessels we 
found carbonic acid or any other dilute acid to produce very decided 


dilatation. In the case of the coronary vessels it is very marked, 


often doubling the flow. One other point of interest is that its onset is 
gradual, much more so than is usual with most drugs. The method 


used in such experiments was to take a sample of the saline in use for 


the perfusion and saturate it with carbonic acid. This was then mixed 
in varying proportions with fresh saline and injected. A quantity as 
small as 1 cc. of a 30% saturated solution will produce considerable 
dilatation without exerting any effect upon the cardiac contractions. 


Stronger doses produce greater dilatation and at the same time depress 
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or even abolish the heart beat. We have aleo proved in experiments to 


be described in a later paper that adrenalin causes u considerable 
inerease in the carbonic acid output of the isolated heart perfused with 


saline. The effect then must come into play after the increased activity — | 


of ‘the heart has been effected. e e e Is it the sole 
cause 7 
We attempted to decide this in the of 


which the aim was to exclude the cardiac activity. In the first place 


we studied the action of adrenalin upon a heart perfused with a calcium- 


free saline. This plan was not successful as after perfusing for some 


hours with this saline the heart was still beating, though only feebly, and 
the flow of fluid had fallen to such an extent on changing from the 
ordinary saline to that from which the calcium had been excluded that 
we could not expect to obtain much further change. Even in such a 
heart adrenalin still produced a decided effect upon the cardiac muscle. 


Its effect upon the rate of flow was of the same character as before, first 


constriction then dilatation, but it was very insignificant in amount. 


Secondly, as has been previously attempted by Langendorff, we | 


examined the effect upon a heart whose activity had been brought to a 


standstill by the injection of a fairly strong dose of potassium chloride. | 
Here again the results were quite unsatisfactory, for the effect of the | 
‘potassium by itself was first constriction followed by dilatation and it 


was impossible, on injecting the adrenalin, to detect any difference which 
we could with certainty ascribe to the adrenalin rather than to the 
potassium; certainly there was no further constriction. Again, in 
these hearts the adrenalin markedly accelerated the recovery of the 
heart from the potassium standstill. 


In the third place we performed some experiments upon hearts 


which had been excised and kept at laboratory temperature for some 
hours in the hope that we could obtain one in which the cardiac muscle 


was inexcitable while the coronary vessels still retained their irritability. 


In this again we were unsuccessful, no matter whether we kept the 


heart for 24 hours or for as short a period as 5 hours, Such change as 
was produced was in the direction of ‘constriction, but the effect was so 


slight that we do not feel warranted in laying any emphasis upon the : 


result 


carbonic acid could abolish the constrictor effect of adrenalin. The plan 
of the experiments was to inject à small dose of saline containing 


carbonic acid 
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of adrenalin. After testing the two separately the adrenalin Was 
added directly to the carbonic acid saline so that the two influences 
were acting simultaneously. In one experiment the constrictor response 
was abolished in a heart that had been previously treated with carbonic 
acid saline in three injections. In another experiment in which a high 


_ percentage of carbonic acid was present in the adrenalin solution the 
constrictor effect was much weakened in the first injection and abolished 


in the second. In other instances, however, the reaction was quite 


inconelusive. At first sight it seems very improbable that so powerful 


an action as thet of adrenalin upon innervated vessels could be abolished 
by carbonic acid, but in this connection we must remember that possibly 
other metabolites exerting a vaso-diletor effect are also produced. 
Possibly, however, it is not necessary to hypothecate any other for 
carbonic acid is certainly produced in considerable quantity and with a 


slow rate of perfusion the rise of carbonic acid tension locally must be 


considerable, even higher than that of the fluids we injected, 


pig. 4. Rabbit's heart. Injection of 0-000005 grm. sdrenalin hydrochloride. 1 0.0. 


withdrawals. 

Figure. 

‘Although unsuccessful in these directions we Gnally obtained n 
what happened when the adrenalin injections were 
repeated. As is well known, the stimulatory effect of adrenalin op 
cardiac muscle rapidly becomes weakened by repetition. This is 
especially the case for a heart perfused with saline solution. All our 
tracings show that as the effect upon the cardiac muscle diminishes so 
the constrictor effect becomes more pronounced and especially more 
prolonged. In illustration of this we reproduce two further tracings in 


Bigs. 4 and 6. ‘These are two successive injections of adrenalin with 


an interval of about 30 minutes. In the first the constriction is seen to | 
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be of very short duration, It is indeed the shortest we have ever 
recorded. The dilatation it will be noticed only attains its maximum 
between the 50th and 60th second after ite commencement and then 
persists several minutes, In the tracing of Fig. 5 the reaction is very 
different. The constriction lasts 110 seconds only, becoming converted 
into a dilatation after the maximum effect upon the cardiac muscle hass 

In yet another direction we also obtained very conclusive evidence and 
at the same time an explanation of the divergence of our results from 
those of previous workers. This arose from the study of the effects of 
excessively minute doses of adrenalin, such for instance as 0001 to 
00001 of a milligram. We were led to this through having employed 


"Fig. Game heart as in Wig. 4. Injection of 0-000004 grm. adrenalin. 


on a few occasions solutions of adrenalin which had stood at laboratory _ 
temperature for a few hours. It had been our practice to inject lec. 
of a 1 in 100,000 solution, and at this strength the adrenalin is of course 
oxidiséd fairly rapidly at room temperature. We found that with these 
old solutions we obtained a much better constrictor phase and that 
the dilatation when produced was less marked. At first we thought 
that this was due to the action of the oxidation products, but subse- 
quently found that it was simply the result of the weakening of the 
adrenalin, for extremely minute doses of freshly prepared adrenalin 
produce exactly the same result. Thus in one experiment 00000001 grm. 
of adrenalin (Fig. 6) produced constriction only, This came on quite 
gradually but was very persistent. This amount of adrenalin produces 
no effect upon the cardiac muscle. In the next place the dose was 
increased, with the result that the constriction becomes less marked and 
is followed by a dilatation, as is seen in Fig. 7. In this tracing 
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moreover it is seen that this amount of adrenalin causes definite 


: augmentation and acceleration of the heart. With a still further 


increase of dose both constrictor and dilator effects are more pronounced 
and sharper in onset. Finally, with very large doses the constrictor 
effect is very quickly over, and the dilator most marked. The main 
number of these results are quite well explained on the view that the 
dilatation is caused by the direct action upon the vessel walls of 
metabolites produced within the heart muscle by the adrenalin stimulus. 


Fig. 6. Rabbit's heart. Injection of 0°0000001 grm. adrenalin between points marked 
at commencement of tracing. Production of constriction only. The separate 


15 


Fe. 7. W Injection of 0-000001 grm. adrenalin. 
Constriction followed by dilatation. 


But there is one observation which indicates that in addition to this 
there is yet another influence at work. This is that with large doses of 
adrenalin the dilatation may come on as soon as the cardiae muscle 
effect is produced, that is before sufficient time has elapsed for 
the accumulation of any quantity of metabolites, Moreover both 
Langendorff and Cow found that adrenalin acting on excised rings of 
coronary arteries produced relaxation. Hence we conclude that the 
dilatation produced by adrenalin is of double origin. The main cause 
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is the excitation of vaso-dilator nerve-endings, the ong 


action of metabolites, particularly of carbonic acid. 

The full results of our experiments then show that the acocnary. 
vessels are supplied with both vaso-constrictors and vaso-dilators from 
the sympathetic system and that the former are more excitable by 
adrenalin than the latter. Under the influence of a large dose of 


adrenalin the constrictor effect is rapidly overpowered by the dilator. 
The different results we have obtained as compared with previous 


workees are explained we think by the much larger dose of adrenalin 
they employed in their experiments. Thus, Schäfer's minimum dose 
was 15 times greater than our maximum, and his maximum dose 6000 
times greater than our minimum and 60 times greater than our 
maximum. In the method of experimenting used by Langendorff — 
and Cow the total amount of adrenalin present in their solutions was 
even greater than this, and it must be remembered in experiments when 


such a drug as adrenalin is to be used that the total quantity present 
rather than the concentration is the most important point. 


In connection with the action of adrenalin upon the heart muscle 
there are two points we would make. The first is that with very — 
minute doses no effect is produced upon the heart muscle although 
constriction is effected. Probably this means that all the adrenalin has 
been removed from the saline solution during its passage through the 
coronary arterioles. The second is that when in some experiments we 
perfused for two or three minutes with a solution St 1 in 
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THE, ACTION OF HOMOLOGOUS ALCOHOLS AND 
ALDEHYDES ON THE TORTOISE HEART. Br 
VERNON, 


Gen the Phyeiologioal Oxford.) 


with saline containing alcohol, chloroform, ether or formaldehyde, its 
beats are depressed to a level proportionate to the concentration of 
the poison, and then remain at a constant height for as long as the 
poisoning is continued. I have now extended these observations to 
nine homologous alcohols of the aliphatic series, and have found that 
their depressant power on the tortoise heart corresponds closely with 


their narcotic action on tadpoles as determined by Overton’. 


The method of experiment was the same as before. The heart of 
Ems europa was perfused with oxygenated Ringer’s solution, and 
the beats, magnified 14-fold, recorded on a smoked surface. When the 
heart was perfused with the alcohol-containing saline, it was surrounded 


by a bath of the same solution. The temperature of the bath was kept 


approximately at 18° C. in all the experiments. The solutions were 
made up volumetrically with Ringer s solution, due allowance being 
made for the specific gravity of the alcohols. The alcohols and aldehydes 
were obtained from Merck and Kahlbaum. 

Methyl alcohol. The narcotic action of this aleohol on tadpoles 


is less than that of any other, and it likewise has the smallest effect 


upon the heart. The data in the table show the contraction heights 


of the heart, when equilibrium was attained, as percentages on the 


initial contraction height. The hearts were generally perfused for 15 to 
30 minutes with the alcohol, and as is shown by the times given in 


1 Vernon. This Journal, x11. p. 194. 1910. : 
o #.@verton. Studien uber die Narkose, p. 101. Jena, 1901. 
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The N/2 methyl alcohol depressed the beats on an average to 89 rg of their 
initial height, whilst 2N methyl alcohol, or a 6˙4% solution, 1 


them to 12% on the initial height. In all four of the experiments 
made with this strong alcohol solution the spontaneous beats of the 


heart were stopped, whilet the N solution likewise stopped them in 
some instances. Whenever an alcohol stopped the heart in these and 


the other experiments, it was gently pinched with forceps about once 


a minute, and it generally continued to respond to such mechanical 
stimulus throughout the poisoning. In one of the four experiments 
quoted in the table, however, the beats were reduced to zero after 13 


minutes’ poisoning. The effect of methyl alcohol and of other alcohols 


on the rate of heart beat is described in detail in a subsequent section. 


4 B 5 0 Mean 
90 % (9 m.) 80 % (15 m.) 90 % (10m.) 94 % 49m.) 89°), 
Nl 18% (15m) 36 % U - 75%), m] 97% om) 41% em] 58°, 
aN — 2% dn] 84% (8m) 11% 12%, 


A typical series of experimental results is plotted out in Fig. 1. 
_ Ordinates represent the contraction height of the heart in millimetres, 


and abscisse the time in minutes. In the experiments of this series 
equilibrium was attained in 6 to 12 minutes, so the poisoning was 


continued in each case for only 15 minutes. At the points marked 


R in the curves the alcohol saline was replaced by fresh oxygenated 


Ringer 's solution both in the perfusion cannula and in the bath 
surrounding the heart, and it will be seen that the recovery of the 
heart began almost immediately. The rate of recovery of the heart, 
as judged by the slope of the curves, is almost the same whatever the 
concentration of alcohol used for poisoning. Also the heart, after the — 
alcohol was washed out, generally beat for a short time more vigorously 


than before the poisoning began. 


A a rule two or three consecutive series of experiments were made 
on each heart with different alcohols, and in most cases the results 


obtained on already poisoned hearts were similar to those on absolutely 
fresh hearts, To minimise any error so arising, most alcohols were 
tested twice on fresh hearts, these series being designated in the tables 
by the letter 4; twice on hearts previously subjected to one series of 
poisonings (B); ‘nd once on hearts previously subjected to two series of 
pPoisonings (C). In the data under discussion it will be seen that the — 
two hearts most depressed by the methyl alcohol were fresh hearts, 
whilst that least depressed was a “ B” heart. Though the depression 


* 
i 
* * 
— 
> 
78 
ak 
ae 
2 
4 
| 
4 
11 
19 
19 
+ 8 
2 
= 
ey 
8 
Are. 
4 
<i 


HEART OF TORTOISE. 397 


of contraction height by N/2 methyl alcohol was fairly constant, that by 
N aleohol varied from 18 ½ to 97 /, These great differences of reaction 
3 were undoubtedly due in chief part to differences in the hearts themselves, 
: for a heart, if more, or less, sensitive to the action of one alcohol, was 
similarly responsive to other alcohols. The heart least affected by 
methyl alcohol was likewise the least affected of the five poisoned 
with iso- propyl alcohol, whilst that most affected by methyl alcohol was 
the one most affected of the five poisoned by propyl alcohol. These 
differences in the reactivity of the hearts were not dependent on season, 
as all the experiments were made during the summer 7 out aid 
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propyl aloohol. (CH.), CHOH. Next to methyl and ethyl 
ee 3 iso-propyl alcohol is the least depressant on the heart, ang | 
tze least narcotic to tadpoles. The data in the table show great | 
- differences in the reaction of different hearts, for with N/4 alcohdl the 
depression of contraction height varied from 8 ½ to 73 '/,. | 


00m) 80% (10m) 60 4% (7m) 100% (10m) 81% Gm) 1% 
Ni 380 % m.] 78% m.) 8% m.) 61% (e m.) 40 % m.) 46%, | 
Om) 2% (9m) — 2% (6m) 7%, | 


In calculating the mean contraction heights, two additions have 
bee te: the. date It. will be seen that in one experiment N/8 
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alcohol had no: depressant effect on the heart in ten minutes, so the 
corresponding experiment with N/16 alcohol was not made, though 
there can be no doubt that this concentration would likewise have 
failed to exert an influence. Hence in calculating the mean depression 
produced by N/16 alcohol, a 100 % value is assumed in this series. In 
another series it was found that N/4 alcohol depressed the heart to 
8% its initial contraction height, and so there can be no doubt that 
N/2 alcohol, if tried, would have reduced the beat to zero, Consequently 
a zero value is assumed in calculating the general mean. 
In Fig. 2 is reproduced a typical series of experiments with iso- 

propyl alcohol. The individual results happen to be in close agreement 
with the mean values given in the table. It will be seen that in two 
of the four curves the heart recovered some of its contraction height 

in the last few minutes of the poisoning. In such cases the equilibrium 
level is taken as the average contraction height from the time of 
maximum depression till the time the Ringer's solution was substituted. 
The slope of the curves shows that the rate of recovery of the heart was 
very similar throughout. 

Propyi alcohol, CH,.CH,.CH,OH. This is slightly more 
depressant on the heart than iso-propyl alcohol, and slightly more 
narcotic on tadpoles. The individual results do not show quite so 
much variation as those obtained with iso-propyl alcohol. In calculating : 
the means no corrections have been applied, but no mean is given for 


Concentration of 


propyl alcohol 1 4 B | 0 Mean 
687 % m.) 100 % (is m.) 98 % (7 m.) 72% (15 m.) — 88% 


NS 40 ½% (m.) 96 % (8 m.) 72%, (8m) 51 ½% (1 m.) 77 % (1 m.) 69% 
22% 80 (lo m.) 81%, (e m.) 8 (28m) 82%, m.) 9977. 
N/a — 8% (6m): — 
VN / alcohol, as the data are insufficient. In that N/4 aloohol lowered 
the beat to 30 % its initial height, it was as a rule useless to investigate 
the action of N/2 alcohol. It would have reduced the beat to zero in 
a very few minutes, and so have afforded a result useless for the 
calculation of an equilibrium level. In the N/2 experimental result 
given in brackets, equilibrium of contraction height was not ome i in 
175 minutes. 
Butyl alcohols. Overton found that of i jsomerio alcohols, those with 
the least branched carbon chains had the strongest narcotic action, and 
those with the most branched carbon chains, the weakest narcotic action. 


My results. closely correspond: to his, though secondary ‘butyl alcohol, 
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which was not investigated by him, forms an exception to his rule. 


Thus 1 found that normal butyl alcohol (CH.. OH,.CH,.CH,OH) 
has the most depressant action on the heart; then iso-butyl alcohol 
(OH. , OH. OH. OH); then secondary butyl aleohol (CH,.CH,. 
CHOH.CH,), and lastly tertiary butyl alcohol (CH,.), COOH) The 


_ weaker action of iso-propyl alcohol as compared with propyl alcohol has 


already been pointed out, whilst below it will be shown that tertiary 
amyl alcohol is much less depressant than iso-amyl alcohol. 

The data obtained with butyl alcohol are rather less variable than 
those for methyl and the propyl alcohols. The heart least affected was 
likewise the least affected of the five hearts poisoned with tertiary 


Concentration of | 
‘butyl alcohol A A B Mean 
N/64 96%, m.) 77%, ( m.) — 79 (10 m.) 84% 


87 % n.] 55% .) 89% (m) 60 % (1 n) 68% 
16%, (1a m.) 9 ½% (4m) 42 % (i m.) 4% (m.] 18%, 
N/8 — 60% in 2m.) — 


8 butyl alcohol, whilst that most affected was one of the two most affected 


by iso-amy! alcohol, and one of the two most affected by tertiary butyl 
alcohol. 

The data obtained with iso-butyl alcohol vary about as much as 
those for butyl alcohol. The heart least affected was one of the two 
least affected by iso-propyl alcohol, whilst that most affected was one of 


of 
is0-butyl alcohol | A A 


Mean 
(Sm) 96 % (4 m.) 86 % (4 m.) — 91 % 
75 % (im) 87 % ( m.] 61 % ( .)) — 74% 
15 % lam 80 % m.) 6 % (& m.) 48 % Om) 2%, 
N/8 (0% in 18 m.) (0% in 8 m.) — 5%, (i m.) — 


the two most affected by propyl alochol. A series of results obtained 
with iso-butyl alcohol is reproduced in Fig. 3. They correspond well 
. with the previous records. After poisoning with N/16 alcohol the 
contraction height of the heart rose on recovery to 20% above the 
initial height. 


With secondary butyl alcohol three experiments were made, as 


only a very small quantity of the alcohol was available, In these 


87 % (ibm) 56 % (18 m.) 81% m.) 66%, 
20 %, (24 m.) 67 ½ (18 m.) 72 (0 m. 52 | 
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experiments the heart was not surrounded with a bath of saline con- 
taining the alcohol, but was suspended in air, so it is possible that the 


action of the higher concentrations was not so marked as it would have 


been if the usual conditions of experiment had been observed. 


— 


8 


: 


“CONTRACTION HEIGHT MM. 


: TIME IN MINUTES TIME iN MINUTES 


8 of the five series of experiments made with tertiary butyl alcohol, 
four show about the usual amount of correspondence. The last series 


in the table is ignored in taking the general mean, as it was made 


on a heart which had previously been poisoned with four concentrations 


A 4 5 


N2 6% — 


of acetaldehyde. Poisoning with aldehydes, in oontradistinction to that 
with alcobols, sometimes permanently depresses the vitality of a 
heart, and renders it more susceptible to the action of other poisons. 

With this one exception none of the alcohol experiments were made on 
aldehyde- poisoned hearts. 


Amyl alcohols. Of these alcohols, several are not available because 


of their insolubility in water, so only two were experimented with. 
Iso-amyl alcohol, or fermentation amy! alcohol, which is a mixture of 


B B Mean 
eis 92% (9m.) 100 % (17 m.) 91%, 66m.) 88 % (10m) 59%, (6m.) 98°), 
N/16 70 (7m.) 88%, (9m.) 65%, (io m.) 79 % (11 m.) 24% (7 m.) 77 
75 ( m.) 48%, (16 m.) 43 % (10 m.) 659 (10 m.) 6% (Ii m.) 56% 
WWI 87 ( m.) 27%, (i m.) 8% m.) 15%, (Il m.) 20 
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(CH... CH. CH, OH, OH and (CH) CH (C, H.). CH. OH, was found 
by Overton to be one of the most powerfully narcotic of the alcohols 
investigated by him, and I found it to be more than twice as depressant 
on the heart as any of the other alcohols investigated. Most of the 
individual results in the five series of experiments made show fairly 

good agreement, whilst the curves in Fig. 4 sigs too eae with those 
obtained with the other alcohols. 


a 4 4 B 0 Mean 
80 % (6 m.) 88 % (10 m.) 86 % (Ii m.) 80 % (12 m.) 80 % 

N/64 74% (0 m.) 47 % (lo m.) 57 % (0 m.) 14% (8 m.) 76 % (8 m ) 54 % 

N/82 158 % (18 m.) 2% (10 m.) 24 % (10 m.) — 1% (8m.) 11% 


The other amyl alcohol investigated was the tertiary alcohol, aes 
amylene s, C, H.. O (CH.) OF. It had only about a fourth as 


amyl alcoho! A A 3 Cc 
% (8 m.) 100 % (10 m.) — 99 , 
N/82 92%, (18 m.) 95%, (4 m.) 78 (8 m.) 77%, (6m) 84% 
N/16 60 % (7 m.) 72 % (9m) 46%, (17 m.) 40 % (20 m.) 57%, 
N/8 % (7m) 4% (6m) 8 % (3m) 24 (10 m.) 16%, 
N/a (0% in 4m.) — — — — 


; sina depressant power on the heart as iso-amyl 8 for the data 


: in the table show that N/16 amylene a had about as much _ 2 


bring out the differences in the activity 

alcohols investigated, the mean percentage values given in the above 

tables of data have been plotted out in Fig. 5. The abscissa represents 

concentration in terms of normality. The experiments with ethyl 

alcohol described in the previous paper were made at concentrations of 

1, 2 and 4%, and so slight corrections were necessary to reduce them to 
N/a, N/2 and N values respectively. 

9 It will be seen that the slope of all the curves is very similar, or it 

115 appears that the depressant action of each alcohol upon the heart 

increases at about the same proportionate rate with increase in its 

concentration. Considering the comparatively small number of ob- 

servations made with each alcohol, and the considerable variations in 

the individual results at each concentration, the mean results as 
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reproduced in this figure show: a very striking oorrespondenoe. One set 
of mean ie set omitted from the figure, viz. that obtained with 
secondary. butyl alcohol. The curve has a smaller dope than that of 
the other. slcobols, and outs across the iso-butyl alcohol and tertiary 
amyl aloohol curves. It ia very likely ap erroneous result for the reason 


almeady: described, and as it is fonnded on only three sets of experimental 


data, but little weight can be attached to, it. 


PERCENTAGE CONTRACTION HEIGHT 
23 


CONCENTRATION . 


Fig. 6. 


for methyl alcohol to 1 in 676 for iso-amyl alcohol, or as 23 to 1. With 
one exception the order of activity of the various alcohols on the heart 


ig, the same. as that of their narcotic auction on tadpoles. Overton 
found, that tertiary, butyl aleohol is less aptive.than, the. propyl; alcohols, 
whilst I find, it is more so. On taking ratios between the pairs of con 


— 


In order to compare my. vonulte: with, those. obtained by Overton for 
the narcosis of tadpoles, I have calculated the concentration of each 
alcohol required ‘to depress the heart 50°/,. It ranges from 1 in 29°4 
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centrations obtained with each alcohol, it will be seen that the numerical 
relationship is by no means constant. The concentration of methyl alco- 
hol required to reduce the heart beat. 50°/, is nearly twice as great as 
that required to narcotise a tadpole, whilst the concentration of iso-amy! 
alcohol required for the same purpose is only three-fourths as great. 
The other alcohols fall between these extremes, or with the exception 


af the aberrant tertiary butyl alcohol one may say that as the narcotic 


action of homologous alcohols increases, a relatively smaller and smaller 
amount is needed to depress the heart, as compared with that required 


to depress the nervous system. The explanation of this changing ratio 


is unknown, but it may be due to differences in the nature of the lipoids 


of the central nervous system and of the heart. Meyer’ and Overton! 


have shown that the activity of a narcotic varies roughly as its par- 


tition coefficient between fat-like substances and water, but the 


correspondence is not numerically exact*, and there is no information as 


to how far the coefficient is affected by the nature and composition of 
the fat. The results obtained in my previous paper show that the 


depressant effect of increasing concentrations of ether and chloroform 
upon the heart by no means corresponds to the effect of alcohol. It is 
calculated that on an average the quadrupling of the concentration of 
the alcohols lowered the cardiac contraction from 84°/, of its initial height 
down to 16%. To effect a similar lowering of contraction height with 
ether it is necessary to increase its concentration 16-fold, so the ether, 


_ though it comes into association with the lipoids of the heart, cannot act 


upon them in just the same way as the alcohols do. 
„ ‘The toxic action of homologous alcohols has been determined by a 


number of other investigators besides Overton, though not so com- 


pletely. Upon mammals the effects of intravenous interjection have 
been studied by Joffroy and Serveaux‘, whilst Baer“ adopted the 
simpler method of introducing the alcobols into the stomach of the 
animal by means of a sound. Picaud® placed fish and amphibians in 
solutions of the alcohols, and subsequently a similar method was adopted 
by Bradbury and Marshall’, and by Cololian®. Finally Wirgin“ 


4 Meyer. Arch. f. exp. Path. xu. p. 109. 1899. 2 Overton, Lc. 
Of. Baum. Arch. f. exp. Path. p. 119. 1899. 3 
1 Jottroy and Serveaux. Arch. de méd. exp. et d’anat. path. 1895. 
Baer. Arch. f. Physiol. 1898, p. 288. at 
* Picaud: Comptes Rendus, oxxxv. p. 829. 1897. 
7 Bradbury and Marshall. Brit. Med. Journ. 1899, u. p. 4. 
„ Oololian. Journ, de phys. et de path. 1901, p. 535. 
Wirsin. Zteoh. f. Hyg. xuvt. p. 149. 1904. 
22—2 
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determined the concentrations required to paralyse the development of 
M. pyogenes aureus, and found that they ranged from 8% for methyl 
alcohol to 1°/, for iso-amyl alcohol. He also investigated the capacity of 


alcohols for laking the corpuscles of rabbit's blood, and found that the 


concentrations required ranged from 11°6°/, for methyl alcohol down to 
6% for iso-amyl alcohol. Taking the toxicity of ethyl alcohol in every case 


as unity, we get the following comparative toxicities of the other 


alcohols. 


Vernon 
, 
„%% - mi n 
Ethyl 10 111 1 10 10 10 10 10 10 

Propyl 85 20 20 10 86 20 16 2˙1 

Butyl 80 80 80 20 88 47 #80 48 
Iso-amyl 18°5 40 10 40 20 67 690 168 165 — 


In some of the experiments amyl alcohol was said to have been 


used, but the statements as to boiling point and solubility make it clear 
that the alcohol was really the iso-body. It will be seen that my 
results on tortoise hearts are in best agreement with those of Joffroy 
and Serveaux on mammals, and those of Cololian on fish. The closest 


correspondence of all is not with any series of toxicity determinations, — 


but with the results of Wirgin on the laking of red blood corpuscles. 
As this laking is due to the solution of the lipoids of the corpuscles by 


the alcohols, it follows that my results afford substantial support to 
Meyer and Overton's theory of the relationship between toxi ity 


and lipoids. 
ue action of alcohols on the rate of heart beat. 
In addition to lowering the height of contraction of the heart, 


.alcohol poisoning as a rule slows the beat. Sometimes as a result of 
this slowing the heart is able to give more forcible beats, but there is 


no constancy either in the effect of the alcohol on the rate of beat 


or in the indirect result thereby produced on the contraction height, 


so for statistical purposes the two effects have to be considered inde- : 


pendently. Following the plan adopted in my previous paper, I have 
split up all the results obtained with each alcohol into four groups. 


The first group includes hearts of which the beat was reduced by less 


than a fourth. The effect is then said to be nil. Another group 
includes hearts which were stopped completely for two or more minutes, 
whilst the hearts slowed to various degrees are split up into the two 
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remaining groups. The table shows the percentage of hearts falling 


into each of these groups. The number of data available is too small 


to afford more than a rough basis for comparison, but we see that five 


out of the ten alcohols did not slow the heart at all in 41 to 54% of the 
experiments made. Excluding the results obtained with methyl and 


ethyl alcohols, the proportion of hearts stopped by the alcohols varied 
from 8 to 29 %, or in six out of the ten series it varied only from 
18 to 29 %. The special tendency of methyl alcohol, and to a less 


extent of ethyl alcohol, to slow and stop the heart, may perhaps be due 


to the considerable concentrations of these alcohols necessary to affect 


the heart. The 2N solution of methyl alcohol contains 6°4°/, of alcohol, 


or has @ very much greater osmotic pressure than the er saline 


solution it replaces. 


Secondary 


Iso- Iso- Tertiary Iso- Tertiary — 
Nil 7 18 “41 47 50 27 54 32 46 20 
§ to 4 21 16 6 29 14 33 16 32 23 27 
J or less 21 27 24 6 14 18 8 27 28 27 
Stop 50 89 209 18 21 27 28 9 8 27 
No. of Exps. 14 44 17 17 14 15 13 22 8 


The general conclusions to be drawn from these data are mostly 
negative ones. One can say that the action of the alcohols on the rate 
of individual heart beat is very irregular, but that most if not all of the 
aleohols—with the exceptions just noted tend to act in more or less 
the same way. A source of error in these results lies in the fact that 


all the data obtained with each alcohol are thrown together, regardless 
of whether the concentrations of alcohols used were great or small. 
Still the much more complete series of experiments with ethyl alcohol 
described in my previous paper showed that even allowing for differ- 
ences of alcohol concentration the irregularities are very great. 


The rate of recovery of the heart from alcohol poisoning. 


It has been pointed out that in the sets of experimental data 


reproduced in Figs. 1 to 4 the slope of the curves of recovery of the 
heart produced by washing out the alcohol with Ringer's solution 


is more or less the same in each case, This slope presumably affords 


an index of the rate at which the alcohol breaks away from the heart, 
and in order to obtain comparable data I have calculated the time 
required by the heart beats to increase from 20°/, of the height finally 
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attained by them up to 80%, of this final height. The experiments 
made with the smaller concentrations of the alcohols are not available 


for such a calculation, but when the lowering of contraction height 
produced by the alcohol was 25 ½ or so, instead of the required 20%, 
it was generally possible to make a small correction and determine 
approximately the 20-—80°/, recovery time. 

The recovery times are given in the table, together with a part of 
those quoted in my previous paper for ethyl alcohol. The individual 


times are very variable, and the mean times range from 26 to 6˙8 


minutes. Judging from the comparative constancy of the recovery 
times obtained with ethyl alcohol, ether and chloroform, I suggested 


in my previous paper that these three narcotics all broke away from 


the tissues at the same rate. The present data show that a similar 
conclusion cannot be accepted for these alcohols. 


Tertiary butyl 10,9, 8, 4, 383 68 11, 22, 11, 7, 1 
Tertiary amyl 10, 9, 6, 8, 62 28, 10, 7, —, 8 r 
Propyl 9, 9, 4, 8 | 62 28,5,—,4 1¹ 
Iso-amyl 9, 8, 5, 5, 8 60 8, 18, 10, 3, 10 8 10 
Ethyl 9, 7, 7, 6, 5, 5, 8, 8, 4, 3 56 158, 18, 11, 8 12 
Methyl 6,5,4,3,8 42 15, , , ll 
Iso-propyl 8, 8, 8, , 3 ˙0 12, 11, 9, 9, 5 9 
Butyl 8, 8, 8, 2 27 12, —, 4, 4 7 
Iso- butyl 4, 8, 2, 2, 2 — 5, 18, 8 


attainment of a constant contraction height in the corresponding 
experiments, so far as they were determined, whilst the means of these 


times are given in the last column of the table. They range from 14 
to 7 minutes, and it will be seen that they roughly run parallel to the 


mean 2080 % recovery times. That is $0 say, hearts which are 


quickly depressed by a given alcohol are as a rule able to recover 
quickly, and if slowly, then slowly: Such differences of response are 
probably due in part to the nature of the alcohol, but they are also 
partly dependent on the peculiarities of individual hearts. A comparison 


of the pairs of data shows that a heart which was poisoned slowly by an 
alcoho! generally recovered more ‘slowly than usual. In a few instances 
this result was dependent on too slow perfusion of the heart, the result 


of vaso-constriction of the coronary vessels, Great care was taken to 
keep the perfusion rate at a fairly rapid and constant rate by varying 
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the pressure suitably, but in a few hearts it was impossible t get 
a sufficiently rapid perfusion, even at a pressure of two metres (water 


The off on the 


„ 
Ra and I have now extended these observations to acetaldehyde, 
propyl aldehyde and iso-butyl aldehyde. These three aldehydes are 
twenty to forty times less toxic than formaldehyde, and their action 
differs in other ways. Fig, 6 shows the action of acetaldehyde, and we 


see that though the poisoning with N/128 and with N/64 aldehyde was 


continued for 50 minutes, the ¢onstancy level, reached after 15 and 
33 mins. respectively, was maintained perfectly, and the heart rapidly 


30 : 60 — — — 
— 

404 

te 

313 1 

70 

TIME tN MINUTES TIME IN MINUTES 


recovered when the poison was washed out. In the formaldehyde 
experiments the heart generally took about 80 mins. to attain Génstani¢y 
level, and on washing out the poison with Ringer’s solutioh there was 
«: hens period of 3 to 15 mins. before the heart began to recover 


ab all. The 2080 % recovery time was 24 to 104 mins. (50 mins on 


an average), and the heart seldom recovered its initial contraction 
height. Ifa formaldehyde- poisohed heart were poisoned a time, 
it recovered much more slowly than before, the latent — avera 
30 mins, and the 2050 ) resovery time 89 mins. 
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88%, (1 m.) 67% (e m.) 56%, m.) 64% (6m.) 65°, m.) 67% 
N/A % 5°), d.) 15 0% (88m) 356% dm 26 % 83% 
% den]) 6% (4m) (1% 4% — 5% 


On the other hand the data in the table seem to show that 
acetaldehyde had no greater depressant action on “B” hearts than 
on “ A” hearts, or that it did no more permanent damage to the heart 
than poisoning with an alcohol. The results obtained with propyl'and 
iso-butyl aldehydes show that the recovery is not quite so perfect as 
that from alcohols, and a repetition of a poisoning on a heart generally 
gave a greater depression of contraction height than the first poisoning. 
Still the injury is comparatively slight, and not to be compared with 
that induced by formaldehyde poisoning. Ai : 


propyl aldehyde A 4 . B Mean 
N/256 — 88 % (1 m.) 
87% 72 % (15m) 63% (7m) — 
45% m.) 52% (8 .) 88% (Tm) 40 % (s m.) 44% 
Nee 25 % (li .) % in m.) 19% (9m) 11 % (ls m.) 20% 


The data obtained with propyl aldehyde are even more consistent 
than those with acetaldehyde, but those with iso-butyl aldehyde are 
rather less so. Fig. 7 shows the effect of poisoning with four con- 
centrations of iso-butyl aldehyde. The N/128 poisoning was continued 
for 50 mins., but for convenience in reproduction part of the record is 
omitted from the figure. The heart was not damaged at all, and in fact 
its contraction height rose steadily during the last 29 mins of the 
poisoning. It will be noted that the rate of recovery of the heart was 
nearly the same after each Poisoning, both in this series of experiments _— 
and in that obtained with acetaldehyde and reproduced in Fig. 6. : 


Concentration of 
iso-butyl aldehyde B B Mean 
(0 m.) 68% (6m) 60 % (l m.) — 69 % 
m.) Gm) 58% (10m) 28 % (is m.) 47 % 

4 20 0 


a Fig. 8 comparison is made of the mean constancy 3 
obtained at different concentrations with the four aldehydes, The 
formaldehyde values are those yielded by fresh hearts only. The general 
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contour of the curves differs from that of the alcohol curves. The slope 
is less, and two of the curves seem to show that the depressant effect of 
an aldehyde is relatively rather smaller with great concentrations than 
with small concentrations. The other two curves show slightly the 
reverse effect, whilst a mean of all of them would indicate that the 
depressant effect of an aldehyde is approximately in direct proportion 
to its concentration. The relative position of the four curves seems to 
show that there is no regular connection between molecular weight and 
toxicity. Perhaps one would have shown itself if butyl! aldehyde had 
been employed instead of iso-butyl aldehyde, but in any case form- 
aldehyde offers a complete exception. A source of error lies in the 


28 


Fig. 8. 


of sacortaining the exact concentration of the 
used. The sample employed was said to be of 80 % strength, and fresh 
solutions were made up on this basis for each set of experiments. It 
contained a little free acid, but not enough to neutralise the 01 / 
NaHCO, present in the Ringer's solution. Extra NaHCO, to neu- 


tralise it was added in two series of experiments, but this e no 


difference in the result. 
The rate of recovery of a heart poisoned with ethyl, 8 or 


iso- butyl aldehydes is about the same as that of its recovery from an 


alcohol, for the mean values vary from 4°5 to 6˙2 mins. The times of 
attainment of constancy in the experiments with ethyl and iso-butyl 


aldehydes quoted in the table are for the most part considerably 
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54 34, 82, 19, 18, — 86, 206 
Propylaidehyde 9, 7, 7, 4, 4 
Iso-butyl aldchyde 9, 5, 2, 2 46 38 18, 17, 14 


greater than the times obtained in the alcohol experiments, but the 
means of all the constancy times quoted in the previous tables are 
16 mins. for acetaldehyde, 11 mins. for propyl aldehyde, and 14 mins. 
for iso- butyl aldehyde, or do not differ greatly from the alcohol values. 

Upon the rate of heart beat the action of the aldehydes differs 
considerably from that of alcohols, In only one out of the 44 
experiments made with ethyl, propyl and iso-butyl aldehydes was the 
heart stopped completely, whilst it was slowed in only 32% of all 
_ the experiments. The data in the table show that in 38 or 39 % of the 

experiments made with each sa the effect on the heart was nil, 


ͤ 
Increased 10 % or more 80 8 81 
89 88 
Reduced to } or les 17 
Number of Exps. 18 18 


whilst in a considerable number of experiments the beat was quickened. 


Only experiments with a quickening of 10% or more are included, ane 


in three of the experiments with acetaldehyde the acceleration amounted 
to 50 %, Formaldehyde has a similar action, as it occasionally quickens 
the heart beat considerably, and it slowed or stopped it in only 45 % of | 
all the experiments described in my previous paper. a 
_ Judging from the very slow recovery of formaldehyde-poisoned — 
hearts, especially if they have been diminished in vitality by a previous 
poisoning, it is probable that the action of formaldehyde on cardiac 
muscle is different from that of the higher aldehydes, In my previous 
paper I suggested that the formaldehyde, once bound up in the proto- 
plasm of the heart, is unable to break away again, and is only got rid of 
after a preliminary oxidation. In that hearts recover from the other 
three aldehydes as rapidly as from alcohols, there can be no doubt that 
these aldehydes readily break away from their combination with the 
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cardiac substance when the heart is washed out with Ringer's solution. 3 
As to the nature of this combination we know nothing. Though . 
paraldehyde, the polymer of acetaldehyde, and chloral and acetal, its 
5 derivatives, are powerful narcotics, acetaldehyde itself has little or no 
narotio power, Neither has formaldehyde, so it seems unlikely that 
18 any of the four aldehydes investigated enter into relationship with the 
tissue lipoids as the alcohols do. The nature of this relationship is ; 
5 itself uncertain. The results described in the present paper suggest = 
That it is a purely physical one, dependent on the solution of the 1 
& alcohols in the lipoids, but the different ratios between toxicity and 
concentration obtained with them, with ether, and with chloroform, do 


. not agree with so simple an explanation. An alternative oe is 
5 — to in my previous paper. | 
Summary. 


the tortoise heart’ is perfused with Ringer's 
. solution containing methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, 
| . secondary butyl, tertiary butyl, iso-amyl or tertiary amyl alcohols, its 
ae beats are depressed in about ten minutes to a definite level, and then 
continue unchanged for the remainder of the poisoning. The depression 


increases with the concentration, but for all the alcohols is relatively 
greater at great concentrations than at small ones. On washing out 
2 the alcohol with fresh _— solution, the heart quickly and com- 
pletely recovers. 
The toxicity of the 3 increases with 1 weight, that of 
oa iso-amyl alcohol being 23 times greater than that of methyl alcohol. 
Iso- propyl alcohol is less toxic than propyl, and iso-butyl alcohol less 
: than butyl. Secondary butyl alcohol is less toxic than iso-butyl, and 
a tertiary butyl less than secondary butyl. With one exception the 
& order of toxicity is the same as that found by Overton for the 
a nuarxcotisation of tadpoles, but the numerical relationship of the two 
4 series of values changes steadily on passing from the lower to the 
a higher alcohols, The action of the alcohols on the heart corresponds 
4 closely with their capacity for laking red corpuscles. | 
Formaldehyde, acetaldehyde, propyl aldehyde and iso-butyl aldehyde 
ae depress the heart beats to a constant level which is directly pro- 
* portional to their concentration, and on washing out the poison with 
a Ringer's solution the heart recovers from the latter three aldehydes as 
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quickly—but not quite so perfectly as from alcohol poisoning. The : 


relative toxicities. of these aldehydes are: propyl aldehyde 1-0, acet- 


aldehyde 1°2, iso-butyl aldehyde 1:8, and formaldehyde 40, or show no 


relationship to molecular weight. ) 

All the alcohols from propyl alcohol onwards have a similar action 
on the rate of heart beat, but methyl alcohol and to a less extent ethyl 
alcohol slow or stop it much more frequently: than they do, probably 
because of the high osmotic pressure of their solutions. Aldehydes very 
seldom stop the heart, and often quicken its beats considerably. 


5 The expenses of this research were met in part by a grant from the Royal Society. } 
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oN THE QUESTION OF THE PRESENCE IN THE FROG 


OF VASO-DILATOR FIBRES IN THE POSTERIOR 
ROOTS OF THE NERVES SUPPLYING THE FOOT. 
AND IN THE SCIATIC NERVE. By 
| 


(From the Physiological Laboratory of the of Cambria) 


Ir is well known from the work of Stricker and others! that in the 
dog the posterior roots of the nerves forming the lumbo-sacral plexus 


contain fibres which may cause rise of temperature and vascular dila- 
tation in the hind-limb. Whether similar fibres occur in lower 
vertebrates is unknown. 

A few experiments have been made by Prof, Langley? on the frog. 
He observed the circulation in the webs under the microscope and 


stimulated the posterior roots of the 8th and 9th nerves. He saw in 


three cases no effect, in the other three some quickening of the 
circulation, but he pointed out that the quickening might be passive 
and due to accidental vaso-constriction elsewhere. | 
Prof. Langley suggested to me that I should make further observa- 
tions on the effect of stimulating the posterior roots. Whilst the frog’s 
web is obviously a favourable place for observing vaso-dilatation if 
it occurs, it does not follow that the vessels of the muscles behave 
in the same way as those of the web. The circulation in the superficial 


capillaries of the muscles of the leg can however be directly observed 


under a good light. | 
The first point to determine was whether the vessels of the web 
do, or do not, dilate on stimulation of the 1 1 roots of the nerves 


from which it receives sensory fibres. 


1 ieee This Journal, XxXvI. p. 178. 1901. 
2 This Journal, II. p.-495. 1911. 
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344 POSTERIOR ROOTS IN FROG. 


The animals which I used for the experiment were exclusively Rana 
_ temporaria. The brain (inclusive of spinal bulb) was destroyed. A 
cannula was tied in the abdominal vein so that Ringer's fluid could 
be injected into the blood vessels to revive the circulation when it 
became slow. The frog was fastened down with pins on a cork board 
and the posterior roots of the 8th and 9th nerves were tied, cut, and 
isolated up to their exit from the spinal canal. In some cases the 
anterior roots were also cut. The web was placed under the microscope 


and examined to see if there were any spontaneous variation in the 


cireulation. If the circulation was feeble, about $cc, of Ringer’s on 
was injected into the abdominal vein. 

The posterior roots were then stimulated for about 30” at a time, 
at about 2’ intervals, at first with induction shocks which could not 
be felt on the tongue, then with gradually increasing strength of 


shoeks, till there. was escape of cuzrent. and movement. In each ce 


mechanical stimulation was also employed. 


Table I shows the effect of the stimulation of the posterior roots : 


: on the vessels of the web. 


2 Some | 

8 7 No effect Curarised. 

into the abdominal vein. 


Betanation ol anterior roots were not out. 


7 5 No effect * 1 anterior roots were not cut. Stimnla- 
ö tion of the nerve trunks peripherally of their 
junction with the sympathetic caused obvious 

8 Carazis, of Mängel injected: inte the: 


abdominal vein. From the sciatic nerve com- 


plete 


Of. the: bloed-fiow.. 
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15 Thus in six cases out of eight the posterior roots had no effect. In 
wWd yo eases some effect was observed, once quickening and once retardation ; 
the cause of this must for the present be left, undetermined. 

I then tried the effect of stimulating the posterior roots upon the 
muscles of the leg. 


1 | 


Steh and Noeffect No curari, electrical stimulation. 
11 * * 
12 * ” 
14 Retardatlioen „ mechanical stimulation. 
„ Noeffect .. „ stimulation. 
| 1th, sen and 9th Some gulchenng stimulation. 


It will be seen that in seven cases out of nine stimulation of the 

ee posterior roots had no effect on the blood-flow in the muscles, The 
Bs cause of the slight quickening observed in one case and of the retardation 

observed in another as the similar cases in the web, require further 
investigation. 

I tried next whether stimulation of the posterior roots would cause 
any change in the volume of the leg: For this purpose I put a leg 
of the frog in a small glass plethysmograph, its small opening being 
closed with a little soap solution. By pressing in air from the side 
tube, a small bubble of soap was formed in the opening. I observed 
the bubble under the microscope to see if its size changed during 

stimulation of the nerve roots. I made four experiments, two of them 
on curarised frogs. In no case was there any change in the size of 
the bubble on stimulating the 8th and 9th posterior roots. 
Finally I made some experiments by the method which Goltz used 
in the dog to determine whether the sciatic contains vaso-dilator fibres. 
I cut the left sciatic nerve, and after 48-72 hours observed the 

7 Circulation of the left web under the microscope. Stimulation of the 

a peripheral end of the out sciatic nerve (curari being used to prevent 
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386 POSTERIOR ROOTS IN FROG. 
passive effects) caused dilatation of the vessels of the web, whilst 1 


the right side the sound sciatic nerve caused constriction of the vessels 


of the right web. In all's six cases the same — was obtained. 


1 3 from the results I have described above that in the frog 
the posterior roots of the 8th and 9th spinal nerves contain no vaso- 
dilator fibres for the hind-limb. But on the other hand I find that 
the sciatic nerve of the frog does contain vaso-dilator fibres. The 
origin of these I have not W but 3 5 — to 


the 
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8 172 INFLUENCE OF ACIDS UPON THE REDUCTION 
OF ARTERIAL BLOOD. Br d. C MATHISON, Bei 


From te Laboratory, and th 


The effect of lactic acid 852 
5 Comparison of lactic acid and carbon dioxide . 8 855 
The effects of other organic acids . . 857 
4 The effect of inorganic acids 858 
5 The relation to hydrogen ion concentration . . 359 
Discussion of results and su 7 361 


THE presence of organic acids, such as lactic acid, in the blood during 5 
asphyxia and after violent exercise has been abundantly established 
(Araki, Ryffelw), and Fletcher and Hopkinse have demonstrated 
the occurrence of lactic acid in the tissues in conditions of deficient 
* oxygenation. The importance of these acids in tissue respiration has 
been indicated by Barcroft and Orbeliw. Following up the work of 
Bareroft and Camis@ upon the influence of electrolytes on the dis- 
4 sociation curve, they showed that lactic acid influenced the dissociation 
3 dbdourve much more than an equimolecular quantity of a neutral electro- 
4 lyte; the effect was due to the hydrogen ion. At a given oxygen 
tension the degree of dissociation was greatly increased by lactic acid, 
an effect similar to that of carbon dioxide first demonstrated by Bohr 
and his colleagues@. That changes in the titration-acidity of the 
blood are of frequent occurrence has often been shown; from the 
- physiological point of view those occurring during muscular exercise and 
3 conditions of deficient oxygenation are the most interesting. Similar 
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Changes in the true reaction of the blood have been demonstrated by 
the more significant modern methods of measuring hydrogen ion on- 


centration (see Galeotti, Aggazzotti@). For some time I made 
attempts to measure the hydrogen ion concentration of blood at 


Aitferent carbon dioxide tensions, employing various modifications of 


the Ostwald gas chain method. The great frothing which resulted 


F hen a mixture of carbon dioxide and hydrogen was passed through blood 


and the difficulty of getting the blood into equilibrium with the 


hydrogen electrodes rendered the method unsatisfactory, though 
_ Hasslebalch’s recent modification appears to overcome the diffi- 


culties@. 


It appeared possible that a measure of the variations in reaction of | 


the blood of an animal during the course of an. experiment might be 


obtained by observing the changes in the dissociation curve, employing 
- Barcroft’s method and exposing the blood to a mixture of nitrogen 


and of carbon dioxide at the alveolar tension present at the period 
when the blood sample was taken. Mr Barcroft informed me 
that some observations he had made suggested that the rate of 


reduction of oxyhsmoglobin by a stream of nitrogen was influenced — 
dy the reaction of the fluid; and he thought that this method — 
would prove more delicate than one based on changes in the dis- 


sociation curve. Working upon this idea, we soon realised that the 
method was not sufficiently delicate to measure such small changes in 


acidity as may nevertheless affect the respiratory centre or even . 
variations much greater than those which the gas chain method readily _ 


demonstrates in inorganic fluids. The method proved quite capable, 
however, of demonstrating changes in acidity such as those that occur 
in the blood during asphyxia, but the chief interest lay in the bearing 
of the results obtained upon the action of accessory factors in tissue 


respiration. The present investigation showed that the rate at which 


oxygen is given up by arterial blood exposed to atmospheres containing 


oxygen at low tensions is greatly increased by the presence of acids; 


the results afford, in fact, a kinematic representation corresponding to 


the static one afforded by the dissociation curve of Barcroft and 


Orbeliw. 


‘Method, The conontisl ofthe. methots employed: ia: the 


exposure of blood completely saturated with oxygen to an atmosphere 
of .nitrogen, intimate contact being attained either by exposure of a 


thin film.of blood to a large quantity of the gas as in an erotonometer 
or by bubbling a stream of nitrogen through a quantity of blood: © 
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ACIDS AND BLOOD REDUCTION. 
x The degree of saturation of the blood after varying periods of 
1 exposure is determined, and the amount of reduction produced in 
‘Be normal blood and in blood to which known quantities of acid have been 
= added is abserved. The blood used is defibrinated and is shaken 
vigorously for several minutes to get rid of carbon dioxide. This 
method of getting rid of carbon dioxide was suggested by Dr Haldane; 
we have tested it several times by estimating the carbon dioxide in the 
gas, contained in an srotonometer, with which the blood had been in 
contact, and have found it efficient The degree of saturation at 
a given time is estimated by transferring a sample of the blood to 
one of the bottles of a Barcroft-Roberts’ gas analysis apparatus, and 
5 observing the ratio of the amount of oxygen absorbed in effecting 
|  sediaeation of the blood to the total oxygen capacity as determined by 
Ee the ferricyanide method. The details of the method are given by — 
Barcroft and Robertson 
‘The chief difficulties were encountered in devising u method for the 
efficient and convenient exposure of blood to an atmosphere of nitrogen 
The first method tried was that employed by Barcroft and Hillay 
1 when investigating the reduction of oxyhwmoglobin. For the 
| present investigation this manifested two disadvantages, first the large 
amount of blood required, about 100 c. c., and second, the great frothing 
produced by the passage of a stream of gas through the blood, much 
greater than that experienced in the case of oxyhemoglobin. The 
| : ' frothing could only be prevented, and even then incompletely, by 
ae superposing a layer of olive oil several centimetres deep on the surface 
of the bleed. This plan answered only when the oil was perfectly fresh 
and free from fatty acids; among several experiments one alone was 


We then turned our attention to rotonometer methods in which 
5 the blood was exposed in a thin layer to a large atmosphere of nitrogen. 
1 0 Scomplish this we employed as tonometer a glass vessel, roughly 
spherical in form, of about 500 c.c. capacity, into which nitrogen and 10 
1 to 20 ec. of blood were introduced. At one pole of the vessel there 
3 was an open neck into which an indiarubber cork of about 4 cms. 
a diameter fitted tightly. The opposite pole of the vessel was drawn out 
to a small cone over 1 cm. in height. A small slightly tapering 
rotating shaft fitted firmly into u hole in the middle of the cork ; and 
through apertures on either side of this shaft passed tightly fitting 
glass tubes, furnished with taps, by means of which gas mixtures and 
The tube for blood passed to 
28—2 
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the bottom of the vessel, reaching to the conical lower portion; that for 


gases merely projected a little way beyond the inner surface of the 
cork. The bowl was held in position chiefly by the tight fit between 


the neck, the cork, and the shaft, partly by a brass band, with a slot to 


carry the lower conical pole, passing along the vertical circumference of the 


bow] and attached by binding screws at the top to a transverse brass plate 


which was fitted to the shaft above the cork. The shaft was driven by 


an electro-motor and could be arranged to rotate either horizontally or 
vertically: The bowl rotated with the shaft; when rotating vertically 


it was placed in a water bath kept at a constant temperature. 

To perform an experiment the vessel was evacuated by means of a. 
Geryk pump and then filled with nitrogen. It was again evacuated 

and refilled, this procedure being repeated several times. Then about 

15 cc. of blood were introduced: by means of a syringe, the pressure 

inside the vessel being positive. While the vessel remained stationary, 

the blood lay in the conical lower portion of the vessel and a sample could 


be removed by the glass tube. As soon as the vessel revolved the blood 


became atranged in a thin band some 5 cms. wide about en we 
of the vessel. At given times the vessel was stopped for a short time, 


and a small quantity of blood, about ‘2.c.c., was removed and the degree 


ot saturation determined by means of the small Barcroft-Roberts’ 


apparatus; the periods during which the vessel remained stationary were 
allowed for in calculating the duration of the exposure, The blood 


removed was u sufficiently small fraction of the total mass to effect no 


important change in the velocity of the reaction. 


This method proved satisfactory with one particular vessel, the i 


feature of which was its perfect concentricity. This vessel was un- 


fortunately broken, and several other vessels which were tried did not 


give consistent results, apparently because they were not well centred. 
Most experiments were made with vessels rotating at 308: revolutions _ 


pet minute, but much slower speeds were tried. Various devices were 


employed in. order to obtain concentricity but the. method proved 


unsatisfactory, =. 


ͤ 


— 


4 
2 
5 
‘ 
2 
19 
4 
y 
i 
4 
ae 
‘ 
| 
1 a 2 
‘ 
2 : I. Arrangement for bubbling nitrogen through blood 
| 
ug 
— 
2 
OF 
‘ 
1 
* 
5 
* 
Bie 
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The method finally adopted is much simpler and more convenient, 
A small quantity of blood, from 3 to 5 c., is placed in a tube of 
the shape shown in Fig. I, so that the blood lies in the region of 
5 the bend D. One end of the tube is drawn out to a narrow aperture. 
1 The tube is 1 em. in diameter and about 20 cma: long; it is placed in an 
1 inolined position as shown in the figure, a very convenient way being to 
i let it rest in a large mortar, the bend O resting in the lip and the 
other end of the tube on the far side of the mortar. 7 
Nitrogen passes from a cylinder through several feet of tubing and 
then through a graduated 1 c pipette and a short junction of very 
narro bored rubber tubing to the bubbling tube. When gas is turned 
ge on, each bubble as it passes the bend D carries a small amount of blood 
a before it, and when this is detached from the main mass of the blood, 
it forms a thin disc filling a cross-section of the tube. With the tube 
at about the inclination shown in the figure, the films of blood will 
at first burst in the body of the tube, but before long they are carried 
on to burst at the open end E, and the blood escapes from the tube. 
To prevent this a spiral of wire, the surface of which is lightly smeared 
with vaseline, is placed inside the tube at a marked position about 
10 cms, from the end. The discs approach this in regular procession, 
at ordinary rates about ‘5 to 1 cm. between each bubble, and as each 
film reaches the first spirals. of the wire it bursts, and the blood com- 5 
posing it flows back along the bottom of the tube to the bend D. This 
device is quite effective. When the gas has passed for the required 
time, the tube from the cylinder is disconnected and blood is sucked — 
from the bubbling tube into the pipette; the first portion is rejected 
and then 1 de. is taken and transferred to the Barcroft-Roberts’ large 
apparatus for analysis. Experiments show that the blood in the tube is 
all of practically uniform composition. The tube is emptied and cleaned, 
blood for another experiment is introduced and the passage of the gas 
continued for the required time. The rate of bubbling can readily be 
kept constant; the number of bubbles per minute should be counted 
several times during each experiment. It is convenient not to turn 
| off the nitrogen between experiments, so that when the tube 7 is 
_ reconnected to the bubbling tube the rate continues the same as before 
| ~—~—s without farther adjustment. To obtain comparable results in a series 
the following conditions must be observed. 
ak | (1) Thé same amount of the blood must be taken and the total 
quantity of fluid must be the same. For example, if one intends to 
use 4 blood +°4 ce. of an acid solution (these solutions were always 
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352 G. MATHAISON. 
made up in normal saline) in one experiment, in the control experiment 
4 c blood + 4 ce. normal saline must be taken. The stock of blood 
should be kept at a low temperature, conveniently in a Dewar flak. 
(2) The rate of bubbling of the gas must be the same. 
(3) The temperatare must remain constant. At the season when 
the present experiments were performed the room temperature was 


readily kept constant ; eee 


immediate proximity of the tube. 

(4) The same tube must be wed, inclined at the sume angle, with 
the breaking spiral in the same position. 

When these conditions are closely adhered to, the method gives 
satisfactory results. No attempt was made to ascertain the average 
error but this has since been investigated by Barcroft one Oinuma 


The rate of reduction and the effects of lactic aol. 
Results obtained by all three methods are quoted here in order 


tao show’ that ‘similar results are obtained with three widely diverse 
* methods, but it is upon the results of the third method that conclusions | 


aco mainly founded. 


In Fig. 2 are soon the of 
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* „ experiment. In this case the nitrogen passed 
through alkaline pyrogallol before reaching the blood; 1 ce. of blood 
was the quantity used for analysis. . 

The details of the experiment are given in the following table. 


TABLE I. 
Reduction 
100 0.0. blood + 80 00. olive oil, oe 
(i) Normal blood. 

Duration of bubbling in mins. 16 92 60 90 
Percentage saturation 95 87 88 
Blood sontaining p.c. added acid. 
Duration of bubbling in mins. )) 

Peroentage saturation 94 85 155 69 

(8) Blood containing 16 p. o. added lactic acid. ges 
Duration of bubbling in mins. 10 20 80 87 
Pesoontage on 91 VVV 


These results show the general course of the reaction et d the 
acceleration brought about by the addition of acid. 


. 38 


7 * 


Pes Reduction of blood in revolving tonometer. Ordinates=percentagé saturation 
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Revolving wrotonometer method. In Fig. 8 are. presented the 
curves of a successful experiment, R 


TABLE IL | 
15.0.0, sheep's blood. 808 revolutions per minute, Temperature 505 O. 
Pereenings 


Nature of blood 


3 


E 8888 888 
S8 8 888 
8 


* Rejected in constructing eurve. 

The results are thus similar to those obtained by the first method. ER 

“ Bubbling” method. This was the one finally adopted and the _ 4 
remaining results in this paper are from experiments by this method. 4 
The following results show that the method is capable of yielding a | 
exceedingly accurate results, though it must not be concluded that the | 
average | 
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‘These results show the accelerating effect of lactic acid and of 
increased temperature. Although the rate of bubbling was slower in 


the first series, the rate of reduction of normal blood was faster, owing 
to the higher temperature. 


Similar results were obtained with the blood of man, rabbit and 
cat. The effect of acid is not due to any change in oxygen capacity of 
the blood. Blood to which lactic acid had been added up to 2 pc. 
showed no change in oxygen capacity after being kept for 30 mins. 
at 38°C. The effect is not produced by neutral electrolytes; in these 


small concentrations — have no e effect on the rate of 
the reaction. 


Mixtures of nitrogen and carbon dioxide were passed from a 


: gasometer at a constant rate through oxygenated blood. The effects 


produced upon normal blood and upon blood to which varying amounts 
of lactic acid had been added were — The wuss employed 


Beduetion cf esterial blood in of lntio acid and of carbon dioxide 
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contained 5 pa. oxygen while the carbon dioxide contained less than 


this, but comparison with experiments in which the nitrogen was first 
passed through alkaline pyrogallol showed that the small difference 


between the amounts of oxygen present in the gases did not affect 


tthe validity of the results: Fig. 4 represents the results from a long 


TABLE IV. 
sheep's Blood. Mitrogan bubbled at 73 por min Temp: 165° 0. 


Nature of experiment 
u. Nyon blood with 04 pre. O.. 
Ul. M, on blood with 00 p.c. O, H. 0, 


u., om blood with -2p.c. 0, 


v. M. 500, 20 on normal blood 
VL u. O0, 45 p.c. on normal blood 


56 


CT 


crease the rate of reduction of ‘arterial blood at low oxygen tensions. 


The quantities of lactic acid found in the blood after muscular exercise 
or during deficient oxygenation are less than ‘1 p.c. ; Ryffel@ has found 
07 pc. in the blood after exercise. The concentration in the tissues 
is conceivably much higher, and may be à very important factor in 
hastening the rate of supply of oxygen. Similarly in asphyxial con- 
ditions the tension of carbon dioxide in the tissues may be 20 p.c, and 

more, also exerting an important influence. If in Fig. 4 we measure the 
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5 4 times taken to produce a given change, in an early part of the reaction, 
ik eg. reduction to 80 p.c. saturation, we see that 04 pe. lactic acid almost 
tk: doubles the rate of reduction, while O9 p.c. quadruples it; the effect of 


20 p.c. carbon dioxide lies between those of 04 and 09 p.c. lactic. The 


33 effect of 45 p.c. carbon dioxide is nearly maximal, being almost equal 
i 5 to that of 2 p. c. lactic acid or of pure carbon dioxide; these quantities 
redo the carly portions of the rection shout eight times ft 


18 Formie and acetic acide. These were found to produce an effect 
iy similar to that of lactic acid. When concentrations’ of about M/80 
were employed, formic acid was more effective than lactic, which in 
turn accelerated the reaction to a greater degree than acetic acid. For 
example in 9 mins, a sample of normal blood was reduced to 72 p.c., 
under similar conditions with M/80 formic added it was reduced to 
36 p., with M/80 lactic to 43 pc. In another experiment M/95 lactic 
. was found to accelerate the reaction distinctly more than M/75 acetic. 
: : These differences are probably to be ascribed to the degree of dissociation 
‘| 0 of these acids at the concentration used, formic being the strongest and 
3 acetic the weakest of the three. At n 


Sheep’s blood 4 0. N. pure. 1. Normal blood 20 7122 
| 72 per min. Temp. 1 J. Blood+M/200 20 80 
8. Normal 20 78 ·6 
8 4. Blood + M/200 oxy- 1 742 
| butyric 
ig 6. Blood+Mjis0iactic 58 

Ng Pure. Rate 84 per Normal blood „ 20 

R Temp. 105 2. 20 59 
8. Blood + M/85 oxy- 0 

4. Blood + / 20 11 

One Rate pe LNormalblod .. 

min. Temp. 1887 2. Blood + M/95 oxy- 2 38˙5 
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| B-Owybutyric. .. This acid was tried on account of its physiological 
and pathological importance. In the experiments performed the results 
were not sufficiently constant to allow a quantitative comparison with 
lactic acid to be made. Two points appear to be established; firstly, 
at low concentrations, about M/200, 8-oxybutyric:acid has no appreciable 
effect upon the velocity of the reaction, and secondly, at concentrations 
of M/100 and more it has a definite accelerating effect, distinctly less 
than that of lactic acid. A sample of the results is given in Table V, 
p. 357. & 
Oxybutyric is a weaker acid than lactic, but this fact is not in itself 1 | 
sufficient to explain the absence of effect of oxybutyric at low concen- a 
trations; other physical factors, such as the change in surface tension 
produced, may be responsible for the differences. 3 a ae 


The effect of inorganic acids. 
Tuo foregoing results, showing that the property of accelerating the 
rate of reduction of blood was common to several organic acids, suggested 
that this power was due to their acidity, not to their specific chemical 
composition. If this were the case the effect should also be produced 
by inorganic acids Hydrochlorie and sulphuric acids were tried and 
they were both found to accelerate the reaction, at some concentrations 
to @ greater extent than equimolecular quantities of lactic acid. A 
comparison of lactic acid and hydrochloric acid is afforded in the 
following experiment. 
Sheep’s blood. Nitrogen 100 p.c. at 114 bubbles per minute, Temp, 19° C. x | 


Percentage 
1. Normal blood ... | 15 85 
2.° Blood with M/130 ee 27 
hydrochloric acid 82 
8. Blood with M/120. 7 41 
lactic acid 16 23 


Thus in the presence of M/130 hydrochloric acid the velocity of 
reduction was doubled, a definitely greater effect than that produced 
by lactic acid in a slightly more than equimolecular concentration. 

In another experiment, however, approximately equimolecular con- ‘ 
centration of lactic, hydrochloric and sulphuric acids produced equal — 
changes; cat's blood was used and the observations were made in a 
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slightly earlier part of the reaction, otherwise the eee were = 
the same. The details are-given in the following table: | 


Vormal blood 16% 18˙8 
Blood with M/84 18°5 „ 
Blood with M/77 H, 80. 185. — 
Normal blood : 80 195 88. 


These results show that the actions of equimolecular concelsteations 
of hydrochloric, sulphuric and lactic acids were equal; allowing for 


the higher temperature in the experiment with formic acid, its action 
appears to be also approximately equivalent. 


In several experiments with concentrations of hydrochloric and 


_ sulphuric acids varying from M/100 to M/300 these acids were found 


to be about equivalent, though in all cases there was a slight difference 
in favour of hydrochloric acid. In other experiments with dog's blood 
where hydrochloric, lactic and.acetic acids at lower concentrations were 


compared, it was found that M/300 HCl was equal to about M/180 
lactio or M/100 acetic. Very small quantities of hydrochloric acid 


produced distinct effects, for example, in an experiment where normal 
blood was reduced to 80 ho,, blood with M/400 HCl was ee: to 


70 po, and blood with M/200 HCl to 59 pe. 


Phe elation jon ration: — 
Since carbon dioxide and various other organic and inorganic acids 


| produced changes which are not produced by neutral electrolytes in 
concentrations of similar order, and since at some concentrations equi- 


molecular quantities of the acids produce equal changes, an attempt 
was made to correlate the effects produced with the hydrogen ion 
concentration. 

Observations were first made upon the. change in hydrogen ion 


: concentration produced by adding the. various acids to the serum. 
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indebted to the Director of the Lister Institute, were employed. 
Attention was chiefly directed towards ascertaining what quantities 
of acid were necessary to produce equal changes of acidity. The 


indicator method first introduced by Friedenthal and Salmos, m and 
recently greatly amplified by Strensenas was employed, the matching 


of colours being performed by means of Walpole’s tintometerds. 
Starting with 10 ec. of ordinary serum to which 5 cc, of para- nitro— 


phenol solution (4 g. to 1000 C.) was added, the quantities of the 
various acids which brought about the same colour change in the serum 
were ascertained. Para-nitrophenol was employed since it is one of 


the few indicators which can be successfully used in the presence of 


high concentrations of proteins, and the lower portion of its colour 
range corresponds to hydrogen ion concentrations about that of serum. 


The results obtained were somewhat surprising as they showed that 


weak acids and strong acids produced much the same changes. For 
example, equal changes in the serum were produced by M/200 lactic 


und M/200 HCl, by M/100 lactic and M/120 HCI; M/100 acetic vas 


somewhat weaker than M/100 lactic. These figures were very different 
from those obtained by comparing solutions of these acids in — 
saline, in which case the followmg results were obtained : | 


M/200 = MO 
M/10 = M/180 


of weak and of strong acids 


The approximation of the hydrogen ion changes produced in ae | 
by the addition of weak and of strong acids considered in relation to 


the effect of acids upon the rate of reduction of blood, showed that there 
was a much closer correspondence between the increase in hydrogen 
ion concentration and the increase in the velocity of reduction than 
was anticipated. But there appear to be discrepancies that cannot be 


explained away by differences in hydrogen ion concentration; these 
may in part be due to the insufficient accuracy of the method, but they 
are probably largely due to factors other than hydrogen ion concen- 
tration playing a part in the reaction. It is striking, however, that the 
effect of carbon dioxide on the reduction of blood is much the same as 
that’ of a ‘concentration of lactic acid -producing the same change’ in 
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reaction of serum, Equal quantities of serum, to which p | 
had been added, were placed in the vessels of a tintometer, Through 
one a mixture of carbon dioxide and air was bubbled for a sufficiently 


long time to saturate the serum with the gas; lactic acid was then 


added to the contents of VVV the serum 


80 p.c.  MROCips) 
85 p.c. MBO pc.) 

100 pie. = | ps) 


Pres (228 mm. Hg) has the same hydrogen ion concentration as 


Serum containing M/90 lactic acid, and so on. If these data are applied 


to the results given in Table IV it will be seen that the effects of carbon 


dioxide on the rate of reduction of blood are of the same order of 


magnitude as those of a percentage of lactic acid which produces equal 
hydrogen ion change in serum, though the correspondence is * no 
means exact. 

Some measurements of the absolute change in hydrogen ion con- 
centration were made, by matching the serum er Sörensen's 


mixtures of KH, PO, and Na, H FO. 


Normal serum 10-74 H- ion 
Serum with M/110 lactic acid = 10-**H-ion 
Serum with M/60 lsctio == 
Discussion OF Resvurs. 
| 


magnitude to those which the gas chain method readily indicates 
a inorganic fluids, are not shown by the. blood reduction method. 


Thus it is not capable of measuring variations of hydrogen ion concen- 
tration such as those which occur in the body fluids under ordinary 
conditions, though capable of demonstrating such changes as occur in 
deficient oxygenation or vigorous muscular exercise. 

The results obtained show that carbon dioxide produces effects upon 
the rate of reduction of blood of the same order as those produced by 
a concentration of lactic acid giving the same reaction when added to 


] 
498 
x 
2 « 
— Fig 
5 ; of CO, of acid 7 
af 
1 
77 
* 
* 
K. 
* 
F 
. 
a 
* 
d 
* “4 
— 
& 
. 
Wed 4 
, 
* 
: 
if ag * 


— 


ᷣͤê˙1 


formic, hydrochloric and sulphuric acids. There are discrepancies, 
however, which suggest the existence of other factors besides hydrogen 
ion concentration, though it appears to be the main factor. That 
carbon dioxide and other acids so greatly influence the chief chemical 
process in which the red blood cell is concerned, and that this action 
is chiefly determined by the changes in hydrogen ion concentration 
produced, are facts of interest when considered in their relation to 
the excitation of nerve cells by carbon dioxide and other acids (see 
Wintersteindo, Mathisonan) and to the excitation of muscle by 


acids which Mines and Miss Daleum have recently studied. 


The more direct physiological interest of these experiments lies, 
however, in their relation to the mechanism of tissue respiration. The 
carbon dioxide present in the tissues during their activity, and the 
other acid substances which appear to be produced in conditions where 
oxygenation is deficient, both hasten the rate at which arterial blood 
gives up its oxygen, as reference to Fig. 4 shows. Thus they must be 
important accessories in tissue respiration, ensuring a speedier supply _ 
of oxygen to the tissues which most need it. These results are com- 
plementary to those of Barcroft and Orbeliw, who showed that the 
final amount of oxygen which a quantity of oxyhæmoglobin would give 
up at a certain oxygen tension was increased by the presence of carbon 
dioxide and other acids; in their experiments the time taken to give 
up the oxygen was not under consideration. : Las 

A consideration of the manner in which acids affect the hemoglobin _ 
molecules bringing about the acceleration in the dissociation of oxy- — 


hemoglobin is outside the scope of this discussion. 


and conveniéet method is described for-bubbling 


gases through blood in such a manner as to permit the carrying out of 


quantitative observations upon the changes produced. In the present 

experiments this method Has been used for observations upon the rate 

of reduction of arterial blood by the passage of a current of nitrogen. 
2. Lactic, acetic, and formic, examples of ‘organic acids, hydrochloric 

and sulphuric, examples of inorganic acids, were found to hasten the 

rate at which arterial blood gives up its oxygen at low oxygen tensions. 
3. The reduction of arterial blood is also accelerated by the 
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4. The accelerating effect of carbon dioxide and the other sub- 
stances employed is mainly due to the change in hydrogen ion concen- 
tration which they produce, though it appears probable that this is not 
the sole factor. | 

5. Since concentrations of carbon dioxide or lactic acid such as 
occur in the tissues during deficient oxygenation, frequently double the 
rate at which arterial blood gives up its oxygen at low oxygen tensions, 
their presence must be an important factor in tissue respiration. 


The greater part of this work was carried out in the Cambridge 
Physiological’ Laboratory, and I am indebted to Professor Lan gley for 
according to me the privilege of working there. The work was com- 
meneed under the direct guidance of Mr Barcroft and I am under 
a debt of gratitude to him for instruction in method and constant: 
advice, and for the performance of 11 the blood Ba a in 
the course of 
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RELATIVE “RATES or OXIDATION AND 
REDUCTION OF BLOOD. By SOROKU OINUMA 


5 


rom the Physiological, Laboratory, Cambridge) 


Tue paper winks an attempt to eaten of 
oxidation and of reduction of blood. This question is of interest from 
more than one point of view. Like most problems which have to do 
with hemoglobin it touches essential points in the physical chemistry 
of colloids, as well as in the physiology of a great portion of the animal 
kingdom. In the following pages the problem bas been approached 
definitely as one in physiology, the physico-chemical aspect of which 
is incidental. Thus blood has been used for investigation and not a 

solution of hemoglobin, whilst the gases with which the blood has been 
oxidised and reduced respectively have been selected in imitation of 

conditions 1 in the body. 


The method employed both for the oxidation and reduction o blood 
was one already described by Mathisona. It need only be said here 
that it consists of bubbling the gas through the blood at a uniform rate 
in a tube similar to that figured on page 350 of the present number, The 
results are of course purely comparative and in order that a comparison 

should be valid, uniform collateral conditions must be maintained. For 

instance the result obtained with one tube cannot at present be 
compared, directly with those obtained from another, The same 
apparatus has been used throughout the present research, Each 
experiment is however self-contained inasmuch as it has been carried 
out on a certain sample of blood investigated in a certain apparatus. 
Throughout the research we have bubbled the gas at the rate of 
120 bubbles per minute, Our spiral has been rather lower down the 
tube than in the case of Mathison’s experiments. This we found ~ 
necessary since, at the higher ee at which we worked, the 
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films. became very rapidly reduced. Our 3 
bath the temperature of which was controlled. 

Having made these modifications in the method it seemed desirable 
to institute some fresh tests of ite accuracy. The simplest of these 
deals with the homogeneity of the blood analysed’ and with the 
accuracy of the analysis apparatus. This test consists in bubbling gas 
for a given time through the tube and making two analyses of the blood 
in the tube. There were always 4 0c. of blood placed in the tube, in 
each: case the samples analysed were 1 c.c. They were analysed in the 
differential blood gas.apparatus described for the analysis of that 
quantity of blood by Barcroft and Robertsa. 

Below are tabulated the results of 28 consecutive analyses. The 
greatest divergence. between any pair of analyses was 5˙1 /, 
Ü 
Number of analyses 28 27 25 22 20 
1 am indebted to Mr A. V. Hill for the following criticism: of 


these figures. If the errors of observation were equally likely to be of 


any value the 6 % error, i.. 3 %¾ either way, the numbers 
= 


Number of analyses 28 27 24 ee 15 


which sliows, i in comparison with ‘come given above, that there is a 
greater probability of the error being small than if the errors were purely 
random errors all values of equal probability: The chief interest, 
perhaps, attaches to the average error: or rather, the average discordance 
between two-readings, If the observations were all equally. likely to 
have all values between O and 3 % from the true value, the average 
difference between two observations would be 2˙2 /. In point of fact 
the average difference between two readings is 1˙6 /.“ It seems clear 
therefore that we are well within the mark when we assume that no | 
individual reading differs by more than 3% from the true reading. 

At first sight a much more probable source of error is to be found in 
lack of uniformity%n the rate of bubbling of the gas. This matter has 
therefore been tested. 


(A). 
case for 15 minutes. | 


saturation mean 678%. 64% mean 68 6 %o, | 
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hydrogen. 
Final saturstion mean 48M, 464 mean 


40) teduced for 75° with 


mean meat 61°5 %o, 


( Saturated oat’s blood, tem 17:5° C., reduced for 20 mins. with hydrogen. 
Final sabaiation mean 76 fo, 78 mean 75 0%, 18 mean 70 6%. 


® VVV 


Pina! saturation 44} mean 4.50%, 455 mean 44 %o. 


In the above experiments the greatest discordance between the 
meatis in the various series are A 23 %, B 1%, C 4°5 ‘lo D 4%, E17 


and F /. 


So far as may be judged from the above ae it seems possible 
do get satisfactory results by taking the e in — “4 


e and comparing their. means. 


4s might be expected from a consideration of the effect of tempera- 
ture on the dissociation curve, blood reduces more slowly at lower 
temperatures. The following were the data obtained from the most 


satisfactory. experiment: which we obtained on this subject. 
‘Saturated sheep's blood reduced with hydrogen. 


un 90 mins, 190 mina, 


ga 5 


The mean values in the above table are plotted in Fig. 1, from lien 


may be ascertained the lengths of time necessary to produce a given 
of reduction at different a ‘Measurement of much 


1 Saturated cat's blood, temperature 17°5° O., be 15 with hydrogen. 
Final saburation mean 96° Mo, mean 845%, as 
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greater theoretical interest than the degree of W which can 
take place in given intervals of time. From the: TT the: following 
table be — 


eines for 4 given 
(A) from 100 to 60 % (B) from 100 to 25% 
18˙5 „ 25 „ 
17°5°. 0. 22 72 120 99 
| 
ratios: 
16 16 
17°6° ©. 2°5 5:7 
\ 


Fig. . Rates of reduction of blood with hydrogen at 17°6, 278 and 57:8 C. respec- 
Ordinates % saturation of blood with oxygen, 


The above table shows that within the limitations of the 8 
enka employed the influenoe of temperature is not uniform, but that 
the greater the degree of reduction the greater the influence of tem- 
perature; moreover it is deducible from it that the influence of 
temperature appears to be greater at lower temperatures. The lowest 
ratio sbonm in the table, of the relative velocities of the reduction 

over a fange of 10° C., is 1:1 e highest falls just short of 1:8. 
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MA. 
The hove by the 
date of another experiment which was of a preliminary character. 
It is of interest inasmuch as the rate of bubbling was but 66 to the 
minute instead of 120 and therefore, whilst the whole process of reduction 


is protracted, the more obvious effects of temperature remain. Duplicate — 
analyses were not made except in one case: 


Percentage saturation of oxygen after the partial rednetion of saturated sheep's blood 
15 mins, 15 mins. 60 mins. 
0. 94 85 11 55 0% 

2755 ©, 88 17 % 

87°5° 0. 76 46°5 7% 


It was a matter of some interest to compare effect of 6 
upon the rate of oxidation of blood with the data given above for the 


effect of temperature on the rate of reduction. 


Since it is of the nature of chemical changes that they should be 
hastened by a rise of temperature, the data with regard to reduction 


which we have discussed present no very unusual features, it might be 
expected that a similar increase in the velocity of the rate of oxidation 
might be associated with increase of temperature. It is known however 


that a rise of temperature affects not merely the rate at which either 


blood or hemoglobin will get into equilibrium with an atmosphere 


. containing a given partial pressure of oxygen, but that the actual 


equilibrium point which is reached is a function of the temperature. 
The alteration is in the sense that the blood becomes less saturated 


with oxygen as the temperature rises, that is the velocity of the 
reduction increases relatively to that of the oxidation. In the case of 
hemoglobin, which evidently offers a much simpler system than blood, 
the change in the equilibrium constant K has been calculated by 


Bareroft and Hillw. Along these lines it was to be expected that 


a rise of temperature would produce a less marked quickening in the 
rate of oxidation than in the rate of reduction, and might even produce ne 


The following show that the higher the: the less 
rapidly does the blood oxidise. 


The blood was completely reduced by bubbling it 


the tube was then 
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repeated and it has been expanded by 


OF BLOOD 


removed to the thermostat and a: mixture consisting of 88 % of hydrogen 
and 12%, of oxygen was bubbled through it at the usual rate, 120 
bubbles per min, The mixture was led in from a gasometer thirteen 

litres in capacity, for the loan of which we have to thank Dr Pembrey. 


1 0 in hydrogen of reduoed sheop’s blood. "The same gas 
of 


@ | 49°7 76 95 % | 


The effect.of CO, on the dissociation curve of blood was first shown 
by Bohr, Hasselbalch and Krogh, 
It tends to depress the percentage satura- is | 
tion for a given oxygen tension. This 201, , 

observation has since been frequently 


100 — 


_ Mathisona) in a kinematical demonstra- 
tion that carbonic acid tends to hasten 
the reduction of blood. The figures which 
we give below show that, as could hardly _ ; 
fail to be the case, CO, slows the rate of 
oxidation. 
The mixtures of gas used for the 
comparison were made by mixing (1) at- 
mospheric air and hydrogen in such 
proportions that 100 mm. pressure of 
oxygen Would be obtained in otherwise 
neutral gas and aqueous vapour at the 
temperature of 37°5° C, (2) atmospheric 
air, hydrogen and OO, in such proportions ative rates of oxidation of blood 
that 100mm, pressure of oxygen and t 178 and 5105 c. peter. 
40 mm pressure CO, were obtained. 0 


of hydrogen and CO, (40 mm. pressure). 
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(40 mm.) 


From Fig. 3.it „ direct comparison of the effect 


of OO, on the rate of oxidation in the two cases is somewhat complicated 


owing to the fact that the two curves approach different points of final : 


equilibrium. Over a great part of the curve however the CO, about 
halves the rate of oxidation of the blood. Thus blood with CO, takes 


a little short of twice the time to reach 50 / saturation and just 


over twice the time to reach 80% saturation. It takes about three 
times as long to reach 88 °/, sataration as it would without the CO, 


with and with hydrogen andi yield an oxygen 
pressure of 100 mm., temp. 17°5° 0. 


Wa are now in a position to compare the rates of oxidation and 


reduction of blood under varying circumstances, Most of the data for 
the comparison have already been given, they may however be collected 
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GASES OF 


' _. 8 shown in Fig. 3. Let us start with the faint lines which represent 
the relative rates of oxidation and reduction of blood free from CO, at 
175°C. These two lines present no sort of symmetry. It takes eight 
times as long to reduce blood to 50 % saturation with an indifferent gas 
as to oxidise it to 50 ½ saturation with the same gas + 100 mm. O,, the 
approximate amount in alveolar air. But if the temperature be raised 
to 75 C., the curves of oxidation and reduction gain in symmetry. 
Thus the length of time taken to oxidise the blood to 50 % saturation 
is now only half that taken to reduce it to the same point. Lastly if 
_ CO, be added to the extent of 40 mm. pressure, that of the alveolar air, 
we obtain the very remarkable result that the two curves become 
almost symmetrical, indeed had the reduction been started riot from 
the point of complete saturation but from 95°/,, that of the final 
equilibrium of the oxidation curve, the symmetry of the two ‘curves 
would be virtually absolute. 

It is scarcely necessary to dwell upon the physidlogical : 88 
of the facts stated above. It is clearly of importance that the blood 
should be able to lose its oxygen in the capillary in about the same time 
as it can take it up in the lung. | 

When we come to look more closely into the details there are other 
points worthy of mention. In the first place the actual tension of 
‘oxygen in the tissues is a somewhat uncertain quantity. On the one 
hand the well-known experiments of Ehrlich represent the oxygen 

tension in the fissues as nil, but it must be borne in mind that his 
animals are described as suffering from convulsions and so probably 
producing an undue quantity of oxidisable waste products in the 
muscles, In the secreting glands on the other hand the presence of 
oxygen in the secretions argues a greater or fone oxygen tension in the 
glands’ themselves. 

Whilst some slight tension of oxygen in the tissues might tend to 
slow the reduction, there are other ciroumstames which probably more 
than redress the balance. The tide of oxygen in the blood ebbs and 
flows within certain limits of saturation, the high water mark is normally 

| probably about 90 75 saturation in the arterial blood, whilst it ebbs to 
very various limits in the various tissues. In the brain and kidney the 
blood is reduced to about 60°/,, in the muscles to about 30 ½¼ saturation. 
Over the greater and probably the essential part of their course 
therefore the rates of oxidation and reduction: in 


* 
/ 


4 
be 
* 
„„ 
1 
if 
. 
‘ 
— 
8 
7 
: 
4 * 
2 
ane 
# 
‘4 
wa 
* 
A 
‘ 
* 
4 4 
: 
Ne 
» 
—— 
. 
~ 
2 
ood 


shows the relative rates of oxidation of 


| of in tion oh rte of 
of blood. 
On a have been performed ‘this subject 
They are however most suggestive. Fig. 4 5 


the same blood, when oxidised respec- __ | 
tively by two mixtures each containing y 
40mm. CO,, one however contained „ ; | ~ 
100 mm. oxygen pressure the other 
50 mm., the remainder of the gas being | RSE 
nitrogen and hydrogen. These quantities 
of CO, and O, were approximately those 15 J, Se 2 
given by Barcroft@ as representing the 0 7 7 


CO, and O, in his alveolar air at the sea 
level and at an altitude of 11,000 feet 4 
respectively. The data (of which the %}-+ 
points given on the curve are the 
are as 


with d,, 00, 40 mm. E, and N, up to 760 mm. 
mins, 15 mins. mans. 60 mins. 


Proceeding to ‘tabulate the ratios of relative times taken to reach 


given degrees of saturation and taking the time taken by the 100 mm. 
05 mixture as unity, we get approximately the following: 353 


In considering this figure it must be borne in mind that been again. 
the two eurves approximate to different limits, the upper curve may be 


said to have reached its limit of saturation in the figure, the joven one 


is due to rise — to about 76% saturation. 
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GASES OF BLOOD 373 


These curves are supported in a general sense 0 by determinations 
from another os of blood as follows : ; 


100mm.0, 880 88 968 
̃ 


The figures given above, which on a future occasion will be worked 
out in greater detail, introduce a new factor into the consideration of 
life at high altitudes. Up to the present the relation of the oxygen to 


the blood has been considered numerically from the point of view ofthe 


final equilibrium which can be established at a given tension. Now it 
will be necessary also to consider the rate at which ‘the hemoglobin 
and the oxygen can establish their es 7 


SUMMARY, 
00 The rate 2 of reduction of blood is greatly increased and the 
rate of oxidation somewhat retarded by a rise of temperature. 
(2) The rate of reduction is increased (Mathison) and the rate of 
oxidation retarded by the presence of OO, 
( “All the temperature and carbonic acid tensions of the body, 
the curves representing the rate of reduction of blood by neutral gas 


(hydrogen) and of oxidation by a mixture equivalent to alveolar air are 
symmetrical. | 


(4) The rate of oxidation of blood by alveolar air is about twice Aa 


that of a similar mixture containing half the ety of oxygen. 5 


‘REFERENCES. 


a Mathison. This Journal, nt. p. 347. 1011. | 
Bareroft and Roberts, ITbid. xxxrx. p. 428. 1910, 
(8) Barcroft and King. Ibid, xxxrz. p. 874. 1900. Hill. Ibid. 
| 411, 1910. and Loewy. Biochem. tsch. p. 46. 
(4) Barcroftand Hill. This Journal, XXX. p. 420. 1910. 
(5) Bohr, Hasselbalch and Krogh. | Skand. Arch. f. eee 9 p. 409." 
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8 this plan was followed. 


PROTECTION | or TRYPSIN PROM DESTRUCTION, BY 


HEAT. By D. H. DE SOUZA. 


vom the Institute of Physiology, University College, London) 


E. W. recently chimed that in the of 


peptone, ‘gelatine, or agar, may be boiled and yet still retain its digestive 
power. The results as Schmidt points out have a practical application, 


for, if correct, they afford a means of sterilising enzymes by heat with- — 
out destroying them. At Dr Bayliss’s suggestion I have made some 


experiments on the degree of protective action of peptone for trypsin. 


_" Methods. The trypsin used was a 5°/, filtered solution of Holadin 
(Fairchild Bros. and Foster) with which Dr Plimmer kindly supplied 


me. It was neutral to litmus and gave a slight precipitate on boiling. 
‘Witte's peptone was employed in 5, 10 or 20% solution. Its 9 


to litmus was slightly alkaline. | 
In most of the experiments the digestive activity. of the ‘cio 
before and after subjection to heat was measured by estimating the 
amino-acid groupings present by Sörensen's“ formaldehyde method, 
titrating with sodium hydrate and not baryta as the alkali. Hammer- 


sten’s casein (Kahlbaum), a 4% solution in 04% sodium carbonate, 
was used as substrate. It gave a slightly alkaline reaction with litmus. 


As a rule the enzyme was added to 100c.c. of this casein solution and 


a sample of 25 C.. was withdrawn at once. The rest was put into the 
incubator at 36° or 37 C. and other samples of 25 Cc. were removed 


after different intervals of time. The quantity of amino-acids in each 
of these samples w. was estimated. All dilutions were made with _— 5 


water. 


in a test tube, heating until the whole column of liquid was in brisk 
ebullition, and used fibrin as his substrate. In my earlier experiments 


teck. . physiol. Chem, uxvn. p. 814. 1910. 
45. 1908 ; 1020 


3 Schmidt, in his experiments, boiled his 3 
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PROTECTION OF TRYPSIN. 


Ade ob 4; B, O, D, E, 
ey 4. Trypsin 1 0. 0. + water 10 0.0. 

B. (Trypsin 1 0.0. + water 10 0. o.) boiled. 

. Trypsin 1 c.c.+peptone 10 0. 0. 


D. (Trypsin 1 +peptone 10 boiled. 
E. Water 1 c. 0 + peptone 10 0. o. 


and a piece of boiled and washed fibrin was put into each tube, which was then 
corked and left in the incubator at 86° . for 20 to 24 hours. 5 f f 


The results were inconclusive as putrefaction, evidenced by an 
oe odour, usually took place, so that when the odour was not 
present one had to be chary in deciding whether the ‘disappearance of 
fibrin was due to putrefaction or to the action of trypsin. The 
addition of 18 C. of toluene to each tube before putting it into the 
incubator gave more constant results. After 19-20 hours nearly all 
the fibrin in 4 and O was dissolved; in Band E there was no change; 
in D the fibrin was broken but had not perceptibly diminished’ in: 
amount. The trypsin, then, which was active in watery or peptone 
solution and was destroyed by boiling in watery solution; was afforded — 

by the presence of peptone little if auy protection from this destruction. 
: There are, however, serious objections to the method. By boiling 
the solutions in a test tube it is difficult to be sure that the boiling — 
temperature is attained throughout, especially in the fluid elinging to 
the sides of the upper part of the tube. Fibrin even when boiled is too 
easily attacked to be a good substrate, and is useless for the accurate 
measurement of the rate of digestion. In all the remaining experiments 
small flasks. were employed instead of test tubes. The solutions were 
introduced into and removed from them with a pipette, and care was 
taken to avoid contact with the neck of the flask. Heating was effected 
by immersing the flask in a water bath at constant temperature for a 
definite period. Instead of fibrin; Hammersten’s casein’ was used as 
substrate. Toluene was always added as it did not apparently interfere: 
with tryptic digestion, and its presence delayed, although it did vende 
prevent, putrefaction. The plowing series was 


4. Trypsin 1 0.0. + water 10 0. o. 
B. (Trypein 1 0.0, + water 10 0.6.) heated at 80° C. for 5 mins. eee 
0. Trypsin 1 c.c. + peptone 10 0. o. 
. (Trypsin 1 0. 6. + peptone 10 b. o.) heated at 80° C. for 5 mins. 353 
E. Water 1 c.c.+ peptone 10 c.c. 
being used), and toluene 1 e. o. 


71 

i, 

* 

* 

8 

— 
7 
8 
* 
| 
— 

+ 

„ 

2 

it 

F 

3 

Pes ie 

x 2 

* ‘Ns 

4 

— on 

24 

* 

f 

al 

>. 

At 

Ly 

| . 

4 

8 

2 

a 

Bie 
72 
1 
** 
24 
4 7. 
72 
— 
— 
. 
4 
* 


different intervals of tims, and the amino - acids estimated: ‘The inerease in amino-acids 4 


in 0.0. shown tn the „„ 
Increase in amino-acids in 4. 14°8 141 160 164 


_. The figures show that the peptone solution used (L) had no digestive 
activity, The normal digestive power of the trypsin in watery solution 
and in presence of peptone is given by A and respectively. The 
watery solution heated at 80° C. for five minutes (B) has entirely lost 
this power, the 0˙2 in the second column being within the limite of 
experimental error. On the other hand the trypsin heated in presence 
of peptone (D) is still able to effect a variable amount of digestion, 


hardly any with 5% peptone, but a | measurable though small amount 


with the higher percentages. 

In the above table the numbers given are the results of estimations 
made after au interval of about 24 hours. These have been selected to 
render comparison easier. The experiments were usually carried on 


far a longer time and the results were similar, 0. in Exp. V after 70 


but the longer the duration of the experiment the more difficult. it is. to. 2 
_ exclude. putrefaction as a factor from the results 


The next set of experiments was performed to see whether stronger 
evidence of protection: by peptone could be obtained at lower tempera- 


tures.. The same series was arranged, but the temperature of the water 
bath was 65° or 70° instead of 80°C., and heating was carried on for 
5, 10, or 15 mins. 20% peptone solution was es on. 888 a a 
estimations, were made after 24 hours. 


These results were obtained : 


Temp. (O.) at which B and D were 65°, - 7 * 
Time in mins. ee and D were heated 5 5 10 
Increase in amino- in A 16 1 15683 
„* 5 B 563 
” 0 18 18 17˙⁵ 
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PROTROTION OF TRYPSIN. 32 


As before 4 and O show the digestive activity of trypsin in watery 
wad peptone solutions respectively, A comparison of B with A reveals 
the fact that the trypsin in watery solution is not entirely destroyed at 


70° . until heated for 15 mins. In the former experiments heating 


at 80° C. for five mins. destroyed it, but in these later experiments there 
is some digestive power left after heating at 70°C. for five mins., and 
still more after heating at 65°C. for five mins, In all these cases the 


same bulk of solution was used (11 c). Looking at D one finds 


that: the trypsin in peptone solution is never entirely destroyed, and 


that it 
Solution 


Hence it appears that the peptone exerts a protetive power as long 
as the heating is not sufficient to destroy completely the trypsin. in 


watery solution, and that the greater the amount of this trypsin liable 


to destruction the less the protective: power of the peptone. When the 
heating is sufficient to cause complete destruction of the trypsin in 


watery solution the protective power of peptone is slight. At the lower 
temperature 70°C. it is greater than at 807 C., but it is too small for : 


practical application in the sterilisation of enzymes. 


It occurred to me, on examining the conditions of experiment, 
that objection might be taken to the fact that, of the solutions heated, 
the peptone was slightly alkaline and the watery solution neutral. 
Since trypsin is most easily destroyed in alkaline solution the peptone - 
may have been acting at a disadvantage, so that its protective power 
may be greater than it appears to be in the above results. The point 
waa tested by experiments in which the heated watery and peptone 
solutions were both alkaline or both acid, and were compared with 


another pair both neutral: 20°/, peptone was used and the solutions 


were heated at 80°C. for five mins. The watery trypsin was destroyed 
whatever the reaction. The peptone trypsin always retained a slight 


digestive power. No difference was observed between the acid and 
neutral preparations, but the activity of these was a little greater than 


that of the alkaline. In one case, for example, the * numbers 


neutral, heated 0 
„ alkaline, heated 0 

Trypsin 1 c.c.+peptone 10 ac. ... 


* ” ” alkaline, heated 17 
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The difference between alkaline and neutral solutions is, however, 


small, the numbers being of the same order of magnitude, so that even 
if a correction for alkalinity. be made in the previous experiments the 
results will not differ greatly from those actually ee 


protects the trypsin only slightly from this destruction, and rather more 


in an acid or neutral than in an alkaline solution. 


2. At lower temperatures, 6g. 65°-70° C., trypsin in aqueous solu- 
tion is not all destroyed in five mins. Peptone protects it, but the 
greater the amount of trypsin in watery solution liable to 8 
the less is the protective power of the peptone. | 


3. The protection at the higher temperatures is too small in amount 


to be of any value in sterilising enzymes by heat. 


| 4. Experiments without antisepties are le owing to to the 


1 40 80 0, after five mins. in the water bath, trypsin i in aqueous : 
solution is entirely destroyed. The presence of peptone in the solution 
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THE TOTAL ENERGY EXCHANGES OF INTACT sass 
BLOODED ANIMALS AT REST. By A. V. HILL, 


Fellow Trinity College, 
Gen the Physiologica Cumbridge) 


Ina . of the metabolism of an animal one factor is of 
primary importance, viz. the amount of chemical energy degraded. 
The total food-supply is, of course, a measure of this quantity, provided 
always that no food is retained in the tissues: so also are the O,-intake _ 
and CO,-ontput, provided that the type’ of substances being oxidised _ 
is known. These conditions are however not easy to satisfy: a direct 
calorimetrical experiment, in which the mechanical work* done is 
summed and estimated together with the heat produced by the tissues, 
is therefore far preferable. In the case of the cold-blooded animals, the 
calorimetrical is really the only way: the animals will not feed properly 
in eonfinement, and they seem to have the power of retaining CO, in 
their tissues for long periods, An estimation of the total heat- production 
of these creatures will afford, therefore, the only valid inferences one can 
draw, as to the course and intensity of the chemical reactions in their 
tissues. Such experiments have, of course, been done before, both upon 
developing eggs’, micro-organisms‘, and plants’. The methods employed, 
though of interest, were however unsuitable to the case of experiments 
of long duration upon cold-blooded animals. Such experiments I have 
carried out, therefore, with the differential micro-calorimeter described 
recently in this Journale. The animals employed have been oo newts, 
snakes, and worms, living under various conditions. 
1 1% whether protein, fat, or carbohydrate. 

Turned into heat in the calorimeter. 
Bohr and Hasselbaleh Skand. Arch. f. Physiol. Xv. p. 898. 1908. 

Rubner. Hygienische Rundschau,xvu. 1908. Arch. f. Hygiene, . p. 260. 1908. 
id. xuax. p. 855. 1904; un. p. 229. 1906. P. Nawiasky. Ibid. vi. p. 209. 1908. 

1 Rodewald. Jhrbd. d. Bot. xvm, p. 276. 1887; XE. p. 221. 1888. 

* A.V. Hill. This Journal, xian. p. 261. 1911. 
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A. V HILL. 


<4 _ The ee, of the heat-production, as measured by the 
»micro-calorvmeter. 


In a previous paper’ one experiment has been given upon the beat. 
production of normal living frogs. Reference to this will show that, 
after an hour or two, the evolution of heat became linear with the time. 
This is of some importance for the validity of the method, so that — . 

experiments in the same connection are given here. 


Exp. i (a) and (0). 


(a) Seven frogs 106 0.c. +150 6,0. water, in flask No. 8. caer 
(% Six froge=97 0.0, +168 ¢.c. water in flask No. 10. 100 s.d.=-886° C. 


840 0.0. water at 20° C. in control flask No. 6. For each flask k= O58. : | 
Timeinhours 10 245 809 48 45 G1 695 
ReadingNo.8 76 -81 +20 +90 102 117 #160 180 288 
Reading No. 10 -178 1 -69 -18 48 100 204 


The curves corrected for heat-loss are given in Fig. 1. It is seen 
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that the heat-production is closely linear. In Exp. i (a) the value of 


456 x B87 x 278 
or (458 calorie Fer cof frog fer ben | 
In Exp. i (6), the value is . 0-474. cal. re 
per 
The concordance observed between the results of these two simul- 
taneous experiments, upon the same batch of frogs, is striking. The 


temperature of the frogs was between 20 and 21° C. during the ex- 


155 0.0. frogs +205 c.c. water in flask No. 5. 819 6.0, water in flask No. 1. 100 . 
328 0. 0344. 


au observation was not made till three hours after the animals were placed in the flask. 


In the third line below are given the readings as corrected for heat-loss : in the fonrth 


the first and last values are correct. | 


3 “Mean temperature during experiment 18°4° C. 


Time in hours 8 5 6°4 8˙8 
Reading observed +25 81 123 187 

Reading corrected 25 84:6 181°6 215°6 
Reading calculated 25 88:0 182-0 215-6 


ue heat-production is here also perfectly linear, as is seen from the 
concordance between “ corrected ” and calculated values. The actual 
oe of heat. amounted to 168 cal. per c.c. of frog per hour. 


"Exp. iii. Grass-snake=84 c.0.+-216 water in flask No. 10, at 28°7° C. 
water in flask No. 9. k= 0476; 100 6. d. 369 0. 
“ Corrected ” and “‘caleulated” mean the same as in Exp. ii. 


Gorrected reading — 262 205 —94 = 22 +86 
Oaleulated reading 205 2100 20 +47 


It will be seen again that the concordance between calculated and 
corrected values is very good. The heat-production is strikingly linear 
and has the value 0°55 cal. per dio. snake per hour. 

This phenomenon of the linear production of heat has been seen 
N e the above are only three examples out of — 100. 
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We might of course expect that under certain conditions the rate of | 


evolution of heat should be uniform: such conditions are: 


(i) That the animals remain at rest during the experiment. For it 


is improbable that they should move about regularly the whole time. 
(ii) That the temperature. remains constant. 
(ii) That confinement in the calorimeter does not injure the 
animals during the period of the experiment: partial n 
for example might very seriously affect the heat - production. 


The observed linearity therefore renders highly probable, though of | 


course it does not prove, that each of these conditions is satisfied. With 
respect to the first, it was noticeable in a few experiments upon frogs 
and newts at low temperatures, that the heat-production was absolutely 
irregular. For periods of half an hour it might be low, then during the 
next half hour it might reach a value three or four times the previous 


one. It is of course impossible to look into the flasks during an en- 
periment. The frogs were however much more excitable at low 


temperatures (such as 14 C.) than at high (such as 24° C.), and seeing 


that the irregularity occurred only at low temperatures it seems to : 


me practically certain that, except in these obviously irregular cases, 


the animals remain completely at rest during the experiment. When 


they are first put into the flasks they jump about for some time before 
they finally settle down quietly. There is also, in general, an ex- 
ceptionally high heat-production during the first hour or two. It seems 
‘therefore certain that, in the cases in which the heat-production is 
linear, the animals are remaining at rest the whole time. 


With regard to the constancy of the temperature in the calorimeter, 


the Dewar flasks are such good insulators of heat that one may usually 


feel certain that the temperature is constant within a degree; the heat 
produced by the animals themselves is not sufficiently large to disturb — 
this, except in the case of experiments at high temperatures: in these 


however there is a loss of heat by eee which tends to balance 
the heat given out by the animals. 


With regard to the third condition, I have often used frogs 8 


after day for these experiments: in fact 12 frogs have been kept in the 
laboratory for four weeks, during which time they have spent some 


100 hours in the calorimeter. This being the case it is inconceivable 
that the continuation of the experiment ever does them much: harm. 
They are generally very lively at the end of an experiment. We see 
therefore that cold-blooded animals, ee at rest ona at unt 
N give out heat at a uniform rate. 25 
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ii, The effects of temperature upon the heat-production. 

In the experiments given in the following Tables it is necessary, 
from conditions of space, to omit all reference to the actual observations 
made with the galvanometer. I have given, at most, a very short descrip- 
tion of each experiment, and have calculated the heat-production in 
every case in calories per c.. of animal per hour. This process of 
calculation is described in my previous paper (op. cit.) and above. It 
should be noted that each recorded result is obtained from a series of 
observations extending over six or nine hours. 

Tue temperature coefficient of the rate of hest-production is also 
given. The particular coefficient adopted is the ratio of the evolutions 
of heat for a difference of 10°C. If the rate of N at T C. is v, 


and that at (7 ＋ n) C. is 
sometimes fallaciously assumed, ~ x 2 x—, OF il + 8502 This method 
of calculating the effect of temperature seems to be quite satisfactory. 


In each the the same on 


TABLE * 


foe to eight animals wed for ach 


Exp.i July. 21°4° C. 67 eal. per 0.0, per hour. 
Temp. coeff. = 2°7. 


Exp. ii. July. N . (a) 69, (b) 76, (e) 10 ca. pre, pr how. 
218°C. (a) 54, (0) 51 cal. 
Mean temp. coeff: 


Exp. Hi. July. 268°C, (a) -92, (b) 64, (c) pic hour. 
18°5° C. (a) -89, (0) “82, (e) 88 cal. 
Mean temp. coeff. = 27, 


Exp. iv. July. 28°0, (a) °66, (0) *70 cal. per o.. per hour. 
20° C. (a) 44, (o) °49 cal. 
temp. coeff, 16. 
v. August. 28°6° C. ‘98 cal. per 0,0. per hour. 
20 0. 306 cal. 
15 C. (a) 48, (0) cal. | 
15°C. (a) 21, (o) -20 cal. 
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TABLE I 


Exp. vi Fresh frogs. 
‘28°2° ©. cal. per 0.8. per hour. 
17°6° 0. -67 cal. 
18°2° C. +86 cal. 
00. 0 cal. 


coeff. 
== 9°]. 


vi Frogs kept in laboratory a month, October. 
21-6° 0. 
184°C. el. 

125° 14 cal. 
Temp. coeff, = 8-1. 


vi ‘October. 
22°8° 0. per per hour. 
184°C. -27 cal. 
Temp. ‘coeff. = 2-1, 
probable error!” of the reault is 42. 


‘TABLE IL 
Snake : one animal used. 
Rxp. i. Fresh, after one day in laboratory. 
16° ©, ‘4 cal. por oc. per hour, 


Exp. ii, ‘After two days in laboratory. 6 


Exp. ili, Aber four days in 
| 11°4° ©. cal. por 0, pr hour 
ate Atter five days in 

10°6° C. 48 cal. yor por hou 


Plotting these in a diagram it is seen that the 88 1 
is of the order of 27. The variations in the individual experiments 


(eg. Exp. iii and iv) are too large for this to claim to be exact. Un- 


however the temp. coeff. is something of 


1 See A. V. Hil, This Journal, xum. p. 9 1911, 
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HEAP PRODUCTION. 2385 
Newt: eight to len animals used in each experiment. 
All experiments made during October and November. 


Exp. i. 189 0. 
Temp. ooeff. 1·4. 
20°C. 65 cal, 
Temp. coeff. = 1-06. 
120. 80 el pero. por hoa. 
220°C. “89 cal. 
Temp. coeff. =1°8. 
Exp. v. 12° 0. 222 
28°C, 46 cal. 
Temp. coeff. = 1°6, | 
xp. v. 1%. 
5 21°1° “47 cal. 
Temp. coeff. = 1-9. 


“The average 1 of the temperature coefficient for newts is 1 46. 


From the experiments recorded above it is seen that temperature 
has a very large effect upon the beat- production of frogs and snakes, 
and a somewhat smaller effect upon that of newts. In the case of frogs 


_ the mean value of the temperature coefficient is 2°4, that is the heat- 


production of the intact animal is increased 24 times for a rise of 10˙ C. 
The greatest value recorded was 3°1, the least 16. In the case of the 
snake the temperature coefficient was of the order of 27: in that of 


newts the mean value was only 1°46, the highest recorded value being 


1°9, the least 1:06. There is a threefold interest in these results: 
(a) The values 2°4 and 2°7 for frogs and snakes are in general the 


same as the temperature coefficients of most chemical reactions: the 


living body seems to be merely a collection of chemical reactions, in 
which the rate of breakdown of certain unstable substances is increased 
two or three times by a rise of 10°C. These breakdowns must be quite 
apart from voluntary movements or muscular tone; the animals were 


sitting still, and tone is diminished by rise of temperature. 


(6) The high value of the temperature coefficient shows how it is 


possible for cold-blooded animals to live for long periods in the cold 


without food. For example, a starving frog at 8° C. must give out only 
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some ‘1 cal. per gr. per hour, and at ‘3° C. only some 06 cal. In 
100 days therefore at 8° C. the total heat-production amounts to only 
240 cal. per gram, a quantity of heat which could be supplied by the 


oxidation of about +, gr. of carbohydrate or about gr. of fat. 


(c) The lower value of the temp. coeff. in the case of newts suggests 
that in these animals there is some rudimentary reaction to fall of 
temperature. If this proves to be true, the method may afford a very 


useful way of following the development of the — uneiaa 
mechanism in the animal kingdom. 


of 
ti. Regnault and Reiset“ experimenting on three lizards found that at 

7˙8 C., 14°8° C., and 28°4° C. the CO,-evolution measured in c. o. per kilogram per hour 
was 12°6, 82°8 and 100°8 respectively, and the O,-intake 17°2, 45-2 and 184 respectively. 
Schulz* working on summer frogs found the following numbers, reckoned as before in 
0.0. of 00, per kilo. per hour: 1° C., 1:5° C., 7:5 c.c. : 6˙4 G., 34 ¢.0.: 15° C., 
88 0.6. 4: 26° 81 0.0. “: 38 O., 279 0.0.: 88-5° C., 840 oc. In half-an-hour frogs’ 
signe so the exps. at 38°C. and 33°5° C. are probably 
. valueless: taking the rest, which owing to irregularities admit of only a very rough 
application, we find an approximate temperature coefficient of 2°3.° The temp. coeff. of 
the CO,-production of the lizards is approximately 87. These numbers are of the same 


The of hating 0, in u. colorimeter tated ofr. 


A series of experiments was made with the purpose of 8 


the effect, if any, of allowing the animals to breathe O, in the calorimeter, 


instead of air. They are of course largely under water during the 
experiment, but in case there were any asphyxiation the presence of 
O, would tend to diminish if, and it is possible, though perhaps not 
probable, that the higher tension of O,, both in the air and water, 
would tend to increase the metabolism. In the experiments recorded 


below, made upon summer frogs, the heat-production is in every case 
“reduced” to 20°C. by means of the temperature coefficient’. This 


is necessary for the comparison, as the experiments were made at é 


various 


* Ann, de chim, et phys. ser. 8, xxvi. Paris, 1848. 

Aok. f. d. ges, Physiol. p. 78. 17/7. 


© Assuming the temp. valu is obtained by maltiplyng 


the valu obervd a by (2-4) 
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(a) mons 
bubbled before each reading. : 
Number 115 
per our. 67 89 81 44 61 
“Reduced” v. for 20°C. . 50 41.86. 
‘The mean value of the ‘ reduced” u. r. inthe eight expe is 48 cal. per oo. per hour. 


Experiments made on frogs in ealorimeters containing air, and in which air was 
bubbled before each reading. 

Bor every experiment in (2) there i  eorreponding experiment in (), denoted by the 
same number, which was made the same day upon the same batch of frogs. N 


a 


108 us 216 28 215 
K. per per hour 45 43 60 48 51 48 54 
„Reduced v. for 20° C. 


"The mean value of the “ reduced ” R. p. in the soven exps. is “45 cal. per 6. a. per hour. 


From the table we see that in O, the mean heat-production was 
40 cal. per c.. per hour, and in air 45 cal. No doubt this absolute 
equality is fortuitous: the table includes however all the experiments 
done on the subject, and the results were not worked out until the 
series was already complete. We see therefore that the presence of O, 
has no appreciable effect upon the heat-production of the frogs: we 
may conclude then (a) that in air they obtain a sufficient amount of O, 
and (5) that provided an animal has sufficient O, the presence of a 
higher tension of O, has no effect in quickening its normal resting — 

metabolism. . This is analogous to the old statement that a living cell 
is, within certain limits, independent of its surroundings, and will, if it 
be physically possible, regulate its metabolism to a fixed rate. Provided 
that the animal’s tissues have sufficient Oi, the presence of O, in a 
greater or less tension will have no appreciable effect upon the rate of 
oxidation of chemical substances in the tissues. This fact is exactly 
analogous to the case of a ferment action, in which the amount of 
substance to be transformed is large compared with the amount of 
ferment present. Under these conditions the action goes on at the 
same rate whatever, within limits, be the concentration of the reacting 
bodies. In particular, I have shown! that the rate at which yeast cells 
carry on their chemical actions, is independent (within wide limits) of 
7 the concentration of the cane sugar.on which they are working, ve 


. v. Hill, This Journal, mn. p. 58. 1911. 
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The heat-produetion of frogs kept without food. 


n is well known that frogs will live very long without food. It 
seemed therefore of interest to determine the effects of a prolonged 
fast, upon the rate of heat-production at a certain definite temperature. 
Fresh frogs were obtained and kept in the laboratory for a month: at 
intervals. during this period their heat-production was determined. 
Fifteen frogs were used, three of which died during the course of the 
experiment. The rest remained perfectly active the whole time. 
They were kept at 16°C., in clean water, in semi-darkness: seven or 
eight were used for each determination in the calorimeter. The 
experiment was begun on Oct. 14th, the same day as the frogs were 
brought into the laboratory. In nearly all cases an interval of a few 
hours was allowed, between the time of putting the frogs in the 
calorimeter and the first observation. This interval gave them time 
to settle down and become quiet before the observations (which usually 
extended over six to eight hours) began. For all the experiments, 
except those on the 23rd and 24th days, the same pair of flasks was 
used. The temperature of was between 


Heat · produotion per o. o. per hour 565 46 35 41 31 38 
Numberofday „„ 247 
per 0. 0. per hour 0 * #80 2 2 
| * On the Shed day des ebe were made, at 19° C. and at 21° O.: the numbers given 5 
are “reduced,” by means of the temp. coeff., to 18-2° C. 


On the Lach day two exps. were made, at 18°4° C. and st 
**reduced”’ to 18°2° C0. | 


The results recorded in this Table are shown . in wine 2. 

Iti is seen that in autumn frogs the heat-production at 18'2°C., per c.c. 

of animal per hour, falls from its initial high value, 0°55 cal., to a 
certain lower one, about 0°26 cal. This fall takes place gradually, and 
is not complete for perhaps 15 days. After this time, however, the 
rate of heat-production seems to remain absolutely constant, without 

any further fall. The explanation is not easy to see. One might, of 
course, éxpect a certain fall as“fasting proceeds: but in that case why 
should not the fall continue until the animal dies of inanition ? Why 
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should the rate of heat-production decrease for awhile, only to remain 


constant later for a long period. ‘Obviously some very fundamental 
change takes place, in the nature of the resting oxidations, between 
the time when the animal is fresh and the time when it is starving. 
It is not a question of mere activity: the frogs were very active at the 
end of 30 days. Possibly in the well-nourished animal there is an 
immediate store of energy (e.g. in the form of glycogeri) in the muscles, 
which can be turned into heat: while in the fasting but active animal 
the energy has to be derived, directly or indirectly, from a more 


Fig. 2. Bc of ating upon he of ba of the points shown © 


represent actual experiments. vertically, rate of 


chemaical breakdown, such for example as the oxidation 


of fat. It is quite conceivable that when onve an animal is reduced 
to the. oxidation of fat it will work more economically than when it 
is oxidising carbohydrate. Such suggestions need testing, however, by 


work on the CO,-evolution’ and O,-absorption, and on the actual 


— of certain chemical constituents in the fresh and — | 


v. The absolute sai’ of the heat-production. as 
The values given above are very various: they were made at different 


3 upon frogs at various stages of fasting. From the previous 


©. 1 Bag. « comparison of the evolution of CO, with that of heat should tell us at once 


| thie oxidation of fat or from that of 


carbohydrate. 
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Tables the following results are collected, 


20 C. by the aid of the coefficient. | 


TABLE, vr. 
00 Frogs. 
(i) d. 


18 cal. 


about 0°26 cal., or reduced to 20° 0. 

80 cal, per o. of frog per hour. 
(B) Snake. 

8, 40, 82, 53. 
| 
(0) Newts 

to 20° 0, 10 observations, 


02, 82, 61, 
The average value is 


oly mr doe in i common on argen of worms 
(a) At 15°6° C., 21 cal. per c.c, of worms per hour. : 
(0) 0, ‘96 cal, par a0. of worms per hour. 


follows:— 

(a) Fresh (ie. not fasting more han 
per c.c. per hour, at 20°C. 

(6) Frogs without food for 30 days, 30 cal. at 20° C. 

(c) Snake 43 cal. at 20°C. 

(d) Newts 51 cal. at 20°C. 5 

0 Worms 21 cal. and 26 cal. at 15°6 and 19°5° C. respectively. 


It is a striking phenomenon that the heat-productions of such 


different creatures as frogs, snakes and newts should all be of exactly 
the same order of size, viz, O'5 cal. per c.c. of animal per hour at 20°C. 


The value for worms is somewhat less, but the experiment is not _ | 


(ii) At 18°8° 0. this i 


From the Table we see therefore that the beat proton is as 
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satisfactory. It may be of interest to compare these numbers with 
values of the total energy degraded by various warm-blooded animals’. 
From actual calorimetrical determinations, from the amounts of food 
_ eaten, and from the quantities of CO, given out and O, taken in, it is 
possible to obtain the following numbers: these are however only 


hour. 


Lion Rabbit 60 
Wapiti deer 60 
Ox | 20 Pigeon 60 
Man 
Mouse 22-0 


A frog’s . will, of course, 80 into heat rigor at 37 C.: we may 
however work out, by the aid of the temperature coefficient, what would 
be the evolution of heat by a frog at 37 C., were it not for this effect“. 
The result is some 2˙1 calories per grm. per hour. This is of the same 
order as the heat-production per grm. of most of the larger warm- 
blooded animals. At the same temperature the heat-producing activities 
of a mouse are 11 times as high as those of a frog; those of large warm- 
blooded animals however are no greater than, and may be less than, 
a frog s. In cold-blooded animals there is no need, or question, of the 
existence of a special heat-producing mechanism: all the heat that 
‘appears is the mere consequence of the ordinary chemical activities 
which are an accompaniment of every form of life. The fact that the 
heat-production per grm. of a frog, calculated for 37° C., is the same as 
that of a man or an ox, suggests that in the latter also there is no 


a special heat-producing mechanism, but that their heat-production is 


only the immediate and necessary consequence of the chemical activities 


which must accompany their lives, as much as the life of a frog. Possibly 


the very much larger energy degradation in mice is due to greater 
muscular activity and to greater muscular tone: possibly however to 
specially developed heat-producing mechanism in the muscle. 
The mean value of the heat-production of fresh frogs at 20° C. is 
48 cal. per cc. per hour. This quantity of heat is equivalent to a 


1 By the courtesy of. the Secretary of the Zoological Society of London I obtained an 
estimate of the diet of several large animals: the value for the mouse is from several 
experiments of my own not yet published: the rest are taken from Schifer’s Text-Book of 
Physiol, Art., Pembrey, 1. p. 706 ete. 

therefore to 87° C. — 
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combustion of either (i) 00012 gr. oe or (ii) 000087 er 
protein, or (iii) 000052 gr. fat. 

It would require in the three cases an absorption of O, of (i) 089 c, 
(ii) 125 c, (iii) 133 C. c. respectively: and a production of 00. of 
(i) 089 c.c., (ii) 085 0.0, (iii) 047 c.c. respectively. : 


It would be of great interest to ‘compare the actual CO,-evolution — 


and O, intake per gr. of frog with these values, in order to determine 
the actual nature of the oxidations occurring in the frog. From the 
experiments of Regnault and Reiset! on lizards, and of Schulz’ on 
frogs, the CO,-evolution of lizards at 20°C. must have been about 
07 cc. per gr. per hour, and that of frogs about 056 cc. per gr. per 
hour. These quantities are of the same order as the numbers derived 
above from the heat-production: for an exact comparison, however, 
parallel éxperiments are necessary. 


The value of the temperature coefficient? given above suggests that 


the normal resting heat-production is due to certain chemical activities 
of the tissues, which are, like other chemical processes, quickened up by 
a rise of temperature. The heat-production cannot be, in the resting 
animal, merely due to muscular tone, to the activities of the heart, or to 
the contractions of unstriped muscle, for tone decreases within certain 
limits with rise of temperature, and the other factors are too small to 
account for much of the heat. Hence a large part of the heat-production 

of a resting animal depends on certain chemical activities of its tissues, 


which are essential in so far as they are a necessary accompaniment of 


life, but otherwise play no particular role in the more obvious and 
mechanical reactions of the animal. To take an analogy, it is necessary 
for the animal to keep a certain supply of explosive material ready, to 

explode on the provocation of an impulse: otherwise quick movements. 
would be impossible. In the resting animal no such provocation occurs, 


but a rise of temperature increases the rate at which this unstable 
substance continually breaks down (not explosively) of its own accord, as 


it inereases that of all chemical actions. The breakdown is not a direct 
combination with Q,, for it is not quickened by the presence of O, at 
a higher tension. Such a view of the internal nature of the muscle 


1 Los. elt. 
ö The indiscriminate use of the temp. coeff, to decide between chemical and so-called 
physical actions is to be deplored: most physiological processes lie in the borderland 
between the two. In this case the decision is between a chemical, or physico-chemical, 
action and an action depending upon the intermediation of the 0. M. 8., in fact & reflex 
production of heat. Lee 
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is in keeping also with other known facts, eg. the CO, and beat 
production of resting isolated muscles, and the production of lactic acid 
in rigor, suddenly and explosively at 38°C. The decline in the rate of 
heat-production during fasting, to a certain constant value, is of interest 
when viewed in this light. Possibly in the fresh animal, with plenty of 
glycogen in its tissues, a higher concentration of this unstable body can 
be kept up than in the fasting animal, where the supply of the body 
has to be drawn from a complicated chemical transformation of fat into 


carbohydrate. The history of lactic acid and sugar would show that 


there is carbohydrate needed for the completion of this unstable body. 


Summary or RESULTS. 


8 have been made upon the total heat-production of four 
types of cold-blooded animals, viz. frogs, newts, wokms and snakes. The 
method adopted was that of the micro - calorimeter 
recently. 


(1) The heat-production i is, as one would expect, linear with * : 


time: evidence is given to show that the animals are normal shroughoat 
the experiment. 


(2) The rate of heat-production per gr. is practically identical for 


frogs, snakes and newts: it amounts to about 5 cal. per hour at 20° C. 


(3) The presence of O, in the calorimeter has no effect different 
from that of air: the animal “regulates its own metabolism independent 
of the O, tension, in the same way as the rate of heat-production by 


yeast cells is independent, within wide limits, of the concentration of 
the cane sugar in which they are working. 

(4) The rate of heat-production of a frog or snake is increased 2 to 
3 times by a rise of 10°C, This suggests that the normal resting heat- 
production is due to certain chemical activities of the tissues, which are, 
like other chemical processes, increased in rate 2 or 3 times by a rise of 


10° C.: the other possibility, viz. = the heat is due to certain reflex 


actions and tone, may be dismissed. 

(5) It is possible to make direct 8 on the heat · produetion 
of frogs, up to about 30°C. If, by means of the temp. coeff., the heat- 
production per gr. is calculated for 37° C. (neglecting the fact that heat 


rigor ensues at 35°C.) it is found to be the same as that of a man or 
other large warm-blooded animal, and much smaller than that of a2 


small * animal. The 9 of men and big 
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animals is probably, therefore, not due to a special mechanism, but i is 


merely a direct consequence of the activities of living cells, 


(6) The rate of heat-production of a newt is increased only . é 


15 times by a rise of 10°C. Possibly this is due to the existence of 
some rudimentary form of heat-regulation. 


(7) In frogs, fasting leads to a decline in the rate of heat:produstion 5 


not an indefinite decline, but only to a certain constant value. 


The expenses of this research have been largely defrayed by a grant from the Royal 
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od THE CHEMICAL NATURE OF THE SUBSTANCE 


WHICH CURES POLYNEURITIS IN BIRDS IN- 
DUCED BY A DIET OF POLISHED RICE. Br 
CASIMIR FUNK. 


Preventive Medicine.) 


ͤ VV 
Grynsw, and Fraser and Stanton) it has been shown that the 
cortical layers of rice contain a substance which cures beri-beri in man 
is in binds by tending them on 
polished rice. 

The present inquiry is directed to determine the chemical nature 
of the curative substance. 

The experiments were carried out on pigeons of which a large stock 
was kept. Polyneuritis was induced by feeding on ordinary polished 
rice. The average time before the onset of symptoms was three weeks. 
The presence or absence of the active principle im the different 


‘fractions, obtained during the investigation of rice-polishings, was 


determined by administering them to pigeons already severely affected 
with polyneuritis and observing the result. The condition of the birds 
at the time of the tests was such that untreated they enconmbed within 
12 hours. 

It may here be mentioned that the extracts, if given in too large 
a dose, were poisonous, This, as will be shown later, was due to the 
presence of choline which accompanied the active principle until the 
final stage of the separation. The poisonous action can be avoided by 
giving a dose calculated on the quantity of polishings used. With 
suitable doses passed into the crop by a tube, the pigeons recovered in 
6-12 hours. Often, even after three hours the bird seemed quite well. 

One symptom of polyneuritis in pigeons is paralysis of the crop and 
the birds being also generally paralysed the dose administered is very 
likely to run out again unless the head is supported. A further 
of when the crop i ot completely 
as the bird can vomit the material. | | 
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396 FUNK. 


In more chronic. cases of polyneuritis although recovery takes place 
and the animal feeds normally and appears well some amount of 


_ lameness persists due to degeneration of nerves. The pigeons which 


recovered after having received one dose of active substance were again 
fed on polished rice. Under these circumstances they showed symptoms 
of the disease for the oe time in from 3 to 12 days et ~ = 
dose administered, 

Eatruction of The method of 
was a. modification of that used by Fraser and Stanton and gave a 


better yield than is obtained by their procedure. Since the atidunt of 


curative substance present in the rice-polishings is really very small, a 
quantity of substance-amounting to 54 kilograms was used. This was 


exhausted in separate portions of 1 kilograms each with 4 litres of 


alcohol containing gaseous hydrochloric acid to the extent of 2-5°/,. 
The extraction was hastened by the: use of the shaking machine and the 


liquid afterwards filtered by means of a large Buchner funnel. The 


residue was pressed out in a hydraulic press and the liquid obtained 
added to the original filtrate. The yield of alcoholic extract o_o in 
this way was 3} litres for each portion treated. 

Investigation of alcoholic extract. 


rated in vacuo at 30°C. and 347 grammes of a fat-like substance 


obtained from each 3} litres. This residue was melted at 50°C, and 


heated with 1 litre of water on the water bath; ib was then filtered at 


a temperature of 38 C40 C. The filtrate obtained formed two 


layers which were separated by decantation, and the aqueous layer 
extracted three times with ether in order to remove all fatty substance. 


This aqueous solution contained no proteins and gave none of the known 
reactions for amino-acids (Millon, glyoxylic acid, bromine, xanthoproteic 
diazo- and diacetyl-reaction). 

When tested on pigeons suffering from polyneuritis it was and 


to be ‘effective in doses corresponding to about 20 grammes af the 


1 polishi 


The total aqueous extracts were now combined and amounted to 17 litres. 
After adding sufficient H, S0, to give a 5% solution the acid liquid 
was treated with a 5% phosphotungstic acid solution and left to stand 


overnight. The precipitate obtained weighed when dry 900 grammes. 


The filtrate freed: from phosphotungstio acid by means of Ba(OH), 


was tested and found ineffective; it still contained traces of nitrogen. 


The phosphotungstic acid ‘precipitate was washed with 5°/,)H,SO,, 


then ground up with Ba(OH), in a mortar and after the addition of 


— hours. The barium precipitate 
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\SUBSTANOR OURING: BERI-BERI. 357 


was filtered off and washed thoroughly with water. Air was passed 
through the alkaline filtrate to get rid of ammonia and the excess of 
Ba(O H), carefully precipitated by means of H, S0, and separated. The 
filtrate: which was still very alkaline: with a strong methylamine smell, 
was quickly neutralised with HCl and evaporated in vacuo at ordinary 
temperature. On extracting the residue with absolute alcohol a 
considerable portion remained behind; this was found to consist mostly 
of inorganic chlorides and amounted fo 21 grins. The ‘solution thus 
obtained was.freed from alcohol and was tested on six fowls and found 
to be effective in doses corresponding to about 40 grms. of the original 
rice-polishings. The solution was free en — phosphorus. a | 
carbohydrates: 
Treatment with mercuric chloride. 
mercuric: chloride was used. The alcoholic solution described above 
was treated with an alcoholic solution of mercuric chloride and after 
standing in the cold for some time the crystailine precipitate obtained was 
filtered off and washed with cold alcohol. The weight of this pre- 
cipitate was about 45 grms. and by partially evaporating the alcoholic 
solution 5 grins. more were obtained. The 50 grms. of mercury salt 
was recrystallised from water containing: some mercuric chloride and 
42 grms. of needle-like crystals obtained. Three portions composed of: 
(1) Crystalline substance, (2) Aqueous filtrate, (3). Alcoholic filtrate, — 
were therefore obtained in treating with mercuric ee as indicated 
in the following table: 


from H,O gave 


These portions were now investigated separately. = 

0 Treatment F the crystalline substance. This substance was 
e in H,O and decomposed with H, S. The Hg- free liquid 
proved effective in curing pigeons when administered in doses —— 
Sa: about 100 grms. of the original polishings. — 

As some preliminary experiments showed that the bulk of the above 
er consisted of choline, an aqueous solution was made and treated 
with AgNO, in the presence of Ba(OH), This reagent does not 
précipitate ‘choline but a small precipitate was obtained which was 
decomposed by H, S and tested on one pigeon with positive result. 
The filtrate of the AgNO, and “aed — was a to 


1 without effect. 


029 
was decomposed by HS, the — filtered off and the liquid 
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evaporated in vacuo, The residue was dissolved in aleohol and 
fractionated by consecutive additions of an alcoholic platinic chloride 


solution. In this way eight fractions of a platinum chloride salt were 
obtained. 


on analysis to consist of choline. 
11718 grm. substance gave 0544 Pt. 
Wie required 1,80, (Kjeldahl), 
te. 9166 % Pt and 454 /½ N 
(C, H. NOCh, Pt Cl. requires 21.66 % Pt and 454% N 
The alcoholic filtrate from the last platinum „((( wes 
| in vacuo; the residue dissolved in H,O and the platinum 
eliminated by H, S. This solution was given to two pigeons and found 
effective in doses corresponding to 40 grms. of polishings. 


| As the platinie chloride salt. of choline is known to be very insoluble 


and the choline itself was proved to be ineffective, it was thought that 
another base must be present in the filtrate. Mercuric chloride was 
again added but im this case no insoluble salt was formed ; it would seem 
that the active substance is but partially precipitated by mercuric 


chloride and then only in the presence of some other substances such as 
choline. An attempt to form a picrate was equally unsuccessful. These 
points suggested that the curative substance was probably present in all 


surmise to be correct. 


Since it was difficult to find a suitable precipitant for the active 
substance phosphotungstic acid was again used. By this means 14 grms. 


ol a crystalline phosphotungstate were obtained. This salt, which was 
entirely insoluble in H, O, was recrystallised from dilute alcohol; in this 


way 1˙1 grms. of a erystalline substance composed of five and six sided 
prisms were obtained. This substance gets black when heated to 200 C. 


and does not melt at 300° C. It contains 1°59 / of nitrogen after 
drying in vacuo at 110°C. Half a gram of this substance was 
decomposed with baryta and the excess of barium removed by CO, 

On administering the filtrate to two pigeons suffering from poly- 


neuritis they quickly recovered. Since each dose contained only 4 mgrs. 


_ of nitrogen it is evident that a very small amount of the substance is 
effective. 


As the amount of this substance obtained was insufficient for further 
analyses it is at present impossible to say anything with regard to its 


chemical nature. 
(3) chloride aleoholic flévate. This filtrate 


was evaporated in vacuo and the residue extracted with water, On 


removing the Hg by means of H,S a fluid was obtained which was 
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SUBSTANOR CURING BERI-BERI 3590 


effective in curing pigeons. Chlorine was removed from the liquid by 
Ag SO, the Ag eliminated by H, S and the H, S0, by means of Ba(OH),. — 

To the alkaline solution was added AgNO, and Ba(OH), as long as 
a precipitate continued to form. The precipitate, which was at first 
white but on standing became brown, was washed with water and 
decomposed by H,S. A very dilute solution of H,SO, was used to 
remove the last traces of barium and the filtrate was then tested on 
eight pigeons and found effective. The AgNO,+ Ba(OH), filtrate was 
freed: from silver by hydrochloric acid and from barium by sulphuric 
acid; on testing it was found inactive. 

The solution of the decomposed Ag salt: was evaporated in vacuo and 
an endeavour made to erystallise the residue from dilute alcohol, but no 
crystals formed at first though some were obtained after the solution 
had been kept in a vacuum desiccator for some time. These crystals 
which consisted of long microscopical needles proved by their reactions 
with brucine and diphenylamine to be the nitrate of a base. They gave 
no reaction for substances such as Arginine, Histidine, Carnosine, and 
Creatinine which from their chemical behaviour might be present in 
this fraction. They left no residue on burning and melted at 233° C. 
This high melting point does not correspond with any of the nitrates of 
the known bases which might be present in this fraction. The product 
of the first crystallisation weighed 0:25 grm. and the second 015 grm. 
The crystals contained nitrogen and. were free from Ba, Ag, Cl, and 
H. 80, They were insoluble in cold water and in aleohol but dissolved _ 

with: difficulty in hot water. They gave the following results on analysis’ 
after being dried at 110° in vacuo. : : 

1481 grm. substanee gave ‘3021 grm. 00, and 0706 grm. H,0. 

„ 620%, H. 
768 % N | 
best to the formals Cf. for 
which ater figures are required : | 
35610 C. 
5.28 ½ H. 
771% N | 
1 By the 
only just enough for one analysis of carbon and nitrogen was available. I therefore asked 
my friend Dr Nierenstein, Lecturer in Biochemistry in Bristol, who at the present time 
is in constant practice in organic analyses, to undertake the determinations for me. Dr 


for his kindness. 
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Although the active substance has been definitely identified with 


f the Ag salt obtained by precipitating with AgNO, in presence of baryta, 


the proof of activity of the nitrate obtained from this Ag salt and which 
was the salt submitted to analysis is less:conclusive, as by this time the 
exhaustion of the material permitted of but four experiments, three: of 


which were successful and one failed to cure the.bird. For the same 


reason it was not possible to investigate further the chemical reaction 


of the substance but attempts to obtain by extraction of more raw 
material the active substance from other food-stufis are in — 


In conclusion I wish to express my thanks to Dr Leonard Braddon 


* 
* 


ay: of birds as shown’ by Fraser 


aa Stanton, is due to the lack of an essential substance in the diet. 


The ‘substance is only: present in minute amount, et ‘not more 
than 1 grm. per kilo of rice. 

(2) The substance which is absent in dab rice and is l 
in rice-polishings is an organic base which is completely precipitated by 
phosphotungstic acid and by silver nitrate and baryta. It is partially 
precipitated by mercury chloride in alooholie solution in the presence of 
2 and is not precipitated by platinum chloride in alcoholic solution. 


Reasons for provisionally regarding the active substance as a body 
giving a crystalline nitrate which has the percentage composition of 
55°63°/, C, 529 / H and 7°68 % N are adduced, but as by the time the 


search had approached the final stages the material became exhausted; 


duplicate analyses could nat be made and but few animal experiments — | 


performed, 
The chemical nature of the . eee could not be further 


investigated immediately but of raw are 


worked up. 


(3) The curative dose of the ain substance is feel a quantity 
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FREE nitrogen gas exists a in the blood, oils ile and urine, indeed 
in all the liquids of the body. Whether this gas is excreted in the ‘body 
as & normal though insignificant product of metabolism was for many 


TRR NITROGEN-CONTENT OF BLOOD. 
Br G. A. BUCKMASTER anp J. A GARDNER 


years a matter of dispate. Many investigators have attempted to 
decide this point by respiration experiments, and on the whole their 


results appeared to show that a slight excretion of gaseous nitrogen 


does take place, though it was recognised that the amounts found were 


scarcely greater than could be accounted for by errors of experiment. 
This question has been recently investigated by August Krogh® who, 
in an admirable series of respiration experiments carried out on 
chrysalides, eggs, and mice, proved that the metabolism of protein does 

not give rise to any production or excretion of free nitrogen in the 
body, and the small quantities of nitrogen which were obtained ‘Dy 
earlier investigators were due to defects in experimental technique or 
to impurities in the oxygen used in the experiments. We ‘should 5 
‘expect therefore that the nitrogen · oontent of both arterial and vendus 


blood would show no difference; also, that the amount of nitrogen in 
the blood would depend on the tension of this gas in alveolar air, and 
the absorption coefficient at the body temperature of the blood for this 
gas. Under ordinary conditions of respiration this value should be 
practically constant. Accepting Bohr’s figure of 0-011 for the CO- 


- efficient for blood, and assuming that alveolar air contains 80 pio. of 


nitrogen, the blood at body temperature (38°C.) should contain 082 


pc. of nitrogen and at 84 C. 0°83 pc. of nitrogen. We should not 
expect the value in blood to be higher than this, and it should diminish 
as the tension of nitrogen in the alveolar air diminished, as for example, 
| The 


Leo. Phluger’s Arch. xxvi. 221. 1881. 


Shand. Arch. f. Physiol. win. p. 364. 1906. 
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402 6. i BUCKMASTER AND J. 4 GARDNER. 


average quantity of nitrogen found by Bohr in both arterial abd venous 
blood of dogs is 12 ec. per 100 cc. of blood, a positive ce 


from theory of 0-48 d In our own experiments the average of four 


determinations of the venous and arterial blood of anzsthetised cats 
was 0°06 ¢.c. per 100 c.c. of blood, a positive difference of 018 C Bohr 
states that blood in vitro shows the same excess of nitrogen over theory, 
and finding that plasma absorbs nearly the same amount as water’, 
attributes the excess to some constituent of the red blood corpuscles. 


He states that solutions of hemoglobin behave like blood, and that 


these liquids only show an excess of nitrogen over theory when al 


are saturated with oxygen’. 


Experiments we have made with the tapless pump’ show a con- 
siderably smaller difference than was found by Bohr, and it seemed 
not unlikely that the disarepancies between theoretical and * 
values might be completely eliminated. 

If nitrogen is simply physically absorbed by blood, then with varying 
tensions of this gas in the alveolar air the quantities in the blood should 
also vary. We therefore believed that if the alveolar air consisted 
only of oxygen and carbon dioxide, the nitrogen-content of the blood 
-would fall to zero, or, given a percentage of alveolar nitrogen of about 
45, the amount in the blood would be exceedingly small. There- 
fore, if an animal respired pure oxygen for a prolonged period and 
the composition of the alveolar air was compared with that of the 

blood gases, it should show whether a physical explanation sufficed to 
account for the quantity of nitrogen found in the blood; and as the 
explanations given by Bohr did not appear wholly acceptable, we were 
led to make a more extended series of experiments on the subject. 


The animals were anmsthetised with 
This was injected subcutaneously in doses of from 5-8 grammes in 


8 Cc. of water for an animal weighing three kilogrammes; In about 


an hour the animal is completely anssthetised, and remains in this 


condition for about twenty-four to forty-eight hours. During the first — 
_ hours, when our experiments were carried out, the respiration remained 


+ The absorption cogflotent for ‘serum (plasma) ix’ 97 b per cent ot that for water 
(Skandinav. Arch. f. Physiol, 1905, p. 112). 
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NITROGEN OF BLOOD. 
3 and equable. All our observations were carried out during the 


first two hours of anesthetisation and precautions were taken to keep 
the animal warm. At this period the respiration remains uniform and 
equable as is shown by plethysmographic tracings of which an example 


is given in Fig. 1. ‘The'total ventilation as is ssen from Table I is also 


steady”. 


Fig.1. Portions of plethyamographic tracings taken at the beginning of consecutive one- 
(6 grams in 10 0. 0. water. Weight of ent ) 


TABLE I. 


No, of A | 


1, taken at 1.35 
I min. 
9 „ 


5 „ 


‘Series TV, taken at 8.95 p.m. 
lmin, 
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404 6. A. BUORMASTER AND J.\A. GARDNER. 
The rectal temperature of the animal was also taken with a. 


rn thermometer. As. might be expected the temperature slowly 5 
malle, but bo an extent varying in individual animals. This is not 


marked during the period when the experiments were performed. The 
rectal temperatures were taken, both of the animal which was the 

subject of the experiment and of a second control — lying: by its 
= upon a erg table. 


Bach oat had gms. of methane a 9.45 


“apm N.. — 
12.85 87°65 («Sample taken 10 blood 36% 


870 


2. 
water, at 9.80 a.m: Weight of Cat A, 2°7 Kilo., of Cat B, 29 kilo. The experiment lasted — 


from 11.80 a.m. to 8.85 p. m., the temperate & 
that of B trom 86:6° to 84:1° C. 


Exp. 8. ‘oh ets in 6 of 048 am. 


1148: — injeated 4 o. 
12 p. m. C. — C. 
128%. . 869 Oxygenon 867 
871°... Sample 10 0. 0, of blood 


1.20 87°4 2 : 


316° 
220 1 ing air 25 ‘ath 


We mah infer these the chosen did 


vat materially interſers with either the normal onthe normal 
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Sampling of the Mood. The blood was gollécted from the artery or: 
bein by displacement with mercury, without coming into contabt with 
the air, in in manner’ 
already fully described. 
The pump used was the form which are 
obtained so that no adjustment of figures is necessary, since it is entirely 
. free from any possibility of leak*. 

The pump, with some later improvements for thin particular work, 
is reproduced in Fig. 2. It is necessary to take special precautions to 
prevent any traces of air being included between the surfaces of the 
glass and mercury, and to make sure that any trace of gas remaining in 

the high vacuum was not nitrogen. The following precautions were 
therefore observed : 

First, the mercury jn the barometer tubes AB and P was heated 
with a Bunsen burner ums to the boiling point of mercury and the 
evacuation completed. | The apparatus was then completely filled with 
pure oxygen by running this gas up the capillary delivery tube of the 
pump. It was then again evacuated, the tubes reheated and evacuation 
completed. In most cases the pump was allowed to stand for a day or 
5 two with occasional pumping before use. With these precautions it is 

peo obvious that any trace of residual gas remaining in the-vacuum would 
. not be nitrogen but oxygen. In all the later experiments, a bulb F- 
a containing about 50 grms. of cocoa-nut charcoal was sealed on to the 
cylindrical tube C by means of a glass tube which was drawn out at the 
point T. so that it could be readily sealed up in a blowpipe. After the 
pump had been evacuated, the ‘bulb was immersed for an hour or more 
in liquid air and the bulb F sealed off. In this way all traces of 
residual gas in the vacuum were elim ted except mercury vapour 
and sulphuric acid. 

Sampling of the alveolar air. It was impossible to employ any 
form of lung catheterisation, such as was used by Wolffberg, Loewy 
or Krogh. To obtain a sample of alveolar air, the short tracheal 
cannula was provided with a side tube, connecting it with a gas- 

sampling tube of about 150 00. capacity, filled with mercury. The 
. general arrhngement is shown in the following diagram. Before oxygen 
was administered the gas- sampling tube was filled with merenry and: 
ſtred on to the side tube of the cannula: Mercury ‘was: forced up te! 


point O und the tape:closed.': The dbad space of the 
and ‘cannula was no greater than in the normal animal i Directiyufter 
Journal, XL. p. 887. 10100 15 
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taking the sample of blood, the rubber connection at A was rapidly 


closed: by a clip and the stop-cocks of the sampling tube opened, so 


that the total gas-content of both lungs could be collected im about 
a quarter of a minute. This method is, of course, open to the ‘objection ~ 


being. re- breathed; but as only a few respirations occur:when the 
operation is done rapidly, we do not believe that this method of obtaining 
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. of oaygen. In some of the experiments Brin’s 
_ oxygen was used. This contained about 3 or 4 pe. of nitrogen. In 
most experiments we prepared the oxygen from a mixture. of sodium 
aud potassium chlorate. It was stored in a large drum over alkaline 
water, and contained from 1 to 2˙5 p.c. of nitrogen. 

A cannula in the trachea was connected by a short tube to Chauveau’s 


valyes, the inlet of which was connected to an oxygen drum of 70 litres 


capacity, and the outlet to a wide bent glass tube which just dipped 
under water. Oxygen was gently displaced through the valves by 
méans of water at a very slight positive pressure, so that the animal, 
oxygen-cylinder, and valves formed a 


: CoMPOSITION OF THE ARTERIAL BLOOD OF CATS UNDER 
‘URETHANE WHEN BREATHING AIR. : 


oe. — 85 given in Table II were obtained by the following 
procedure. When thé animal had been anmsthetised. with urethane, 
5 ec, of a sufficient strength of hirudin to prevent clotting when the 
blood was withdrawn for analysis dissolved in 1 p.c. sodium sulphate was 
injected into the femoral vein ten to twenty minutes before the sample 

of blood for analysis was taken’. Immediately after the sample of blood 

_ Was withdrawn. the alveolar air was collected in the manner already — 
desctibed. . 


ee Table II we give the results of a number of analyses of esterial | 


blood and contrast the values with those of the arterial blood of un- 

anesthetised cats in a state of hyperpnea. The protocols of the 
experiments are given in an appendix at the end of the paper. 
From these experiments it will be seen that the average nitrogen- 
content of arterial blood of cats under anesthesia is 1055 p. c. 
Bohr's value is 1-20, or 13°7 p.c. in excess of our own. The average 
value of the alveolar nitrogen in the seven experiments in which this 
was determined is 83:67. p. Assuming Bobr's coefficient for absorp- 
tion of nitrogen by blood to be correct, the theoretical amount of nitrogen 
physically absorbed is 0°86 pc. There is therefore an excess, taking 
average values of 0195 cc. p.c. of blood. Of the total nitrogen 

81:5 pe. is accounted for by physical absorption and 18˙5 p.c. unaccounted 
for. This 185 cc. excess would, in actual experiments using from 
1 Bareroft and Mines, This Journal, 1907, p. 275, have shown that hirudin does not 
cae any apreiable change in Une of he Hood 
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wt. 


TABLE 


2212221122823 
8 


21°5 800% 84°52. 14°50 1056 
21°44 47°91 88°68 18:10 114 
10°38 58°80 874 16-92 
108 51°57 85°76. 14% 091 — 
60°64 40°66 10 0°70 6°45 
10°38 50°15 15-29 1°22 3-96 
108 5008 88:49 16°96 007 268 1 
10°38 64/1 47-84. 16°66: 694° 9˙15 84°69 
6-88 
6-25 
574 


alt 
1 
ols 
1 


wor 


108 5636 4868 11°58 1:09 
10-8 61-17 $808 12°08 107 
108 57-17 8% 17°48 1% 5°74. 9°66 84-50 
108 6070 4048 1001 191 — 
103 55°54 4908 1256 095 — — — 


lij 


8601 20°56 


vapour at 36-37 C,=45°5 mm. Hg. 
1020 ‘cc. ‘of blood, represent actual volumes of nitrogen of the biter 


of 002 to 004 % We cannot attribute this to any residual nitrogen 


in the pump, owing to the precautions taken. Had such residual gas 
present, it would have consisted almost: entirely of oxygen, not 
nitrogen. On the other hand, had it been ‘due’ to errors of experiment, 


wé should ‘have expected the difference’ to have been both positive and 5 
negative, whereas the difference, with one exception; was always positive. 


It must be remembered that the coefficient of absorption of nitrogen 


by blood, 0-011 at 37 C, is not determined by direct experiment“, but 
deducted from observations on the absorption of hydrogen’ by oxblood. 
For hydrogen, the absorption is for serum 97˙5 Pa, fur blood 92 pe, for 
biood corpuscles 81 po. of that of water. Whether this coefficient for 


hitrogen calculated in this way is correct, or valid for the blood of other 


animals, ‘or for cases of any individual where the relative volumes of 
na and oorpusole vary, there are no ‘available datd to determine. 


We have, however, noticed the hemoglobin. varies | 
3 Gousiderably ‘in “different cats. 


SY egy Thie Journal, NIA. p. 62. 1010. 


B15 1442 1065 646 1095 8967 0-06 (18-48) 
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OF 141500 
It is open 60 question whether calculations based on the behaviour 


ol different gases to simple solutions are applicable to complex colloidal 


suspensions, such as blood’. We therefore decided to ascertain. by 


direct experiment the percentage nitrogen capacity of cat’s blood in 
vitro. For this purpose cats were anesthetised with urethane as before, 
and in eneh ‘case the whole of the blood withdrawn’ from the carotid 
artery into a large, sterile stoppered bottle of one and a half: litres 
- capacity, and kept at 38°C. i in thermostat. Four series of experiments 
were performed. 


In the first series the animal received 4 c. c. of a strong solution of 


hirudin in the-femoral vein half an hour before bleeding, a little solid 


hiradin being also sprinkled in the bottle, which was then placed in 


the thermostat. Every few minutes the bottle was violently shaken and 
fresh air introduced by washing out the air with a bellows, At the end 
of an hour the blood was decanted into a smaller flask, kept in the 
thermostat for a few minutes and gently agitated to prevent sedimenta- 
tion ‘of the corpuscles. The temperature inside the flask was 36°5° C. 


A sample was withdrawn by displacement of mercury in the usual way. 
The volume was 21˙5 c.c. The gases were completely evacuated in our 


blood-pump, rendered completely vacuous with the use of liquid air. 


The remaining blood was left an hour longer in the thermostat wit 
occasional shaking, and another sample takéti for analysis. Temperature 
of blood 37 C.; volume of blood 103 cc. The percentage oxygen 
capacity of the blood at the end of the experiment was 89°5 with 5 
Gowers - Haldane bemoglobinometer. 
A second:series was carried out in exactly the same way, except that 


air was-dlowly bubbled through the blood kept at 38°C. for an hour. It 


was then transferred t the small flask as before, and a sample, 21°5 c, 


Tbe retnaining blood ‘stood: in the thermostat, with: occasional 
a ‘thipa series the blood: was defibrinated it was collected‘ in 
by-Whipping with feathera, then filtered through muslin into tbe 
large bottle, placed:in’ the thermostat at 38° C., and frequently shaken 
with fresh air during an hour, “After decantation into a smaller flask; | 
Sample was taken, 21-5 “The hienioglobin’ was 107 8. An hout' 
later another te od. Was for The 
was 107.5. 


In ‘the: fourth series of the: a 
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410. G. A. BUOKMASTER AND. J. A. GARDVER, 
series one and two, its blood collected and whipped: for the okie 


of time as in series three, and filtered through muslin into the a 


It was then treated precisely as in series three. The first sample taken 


vas 215 , the hemoglobin 94˙5; the second sample was 10˙3 2 5 


the hemoglobin was 94. 


The results of these analyses are collected in the following Table 11. 15 
and the 


TABLE III. 


per 100 b. of Mood. 


„ 


XIV 1857 3°67 13850 


2 * 


III. 


Sznres IV. 


| (whipped) 108 mis 3% 16% 108 1180 


‘a blood to attain equilibrium with the atmosphere When the whole 
blood, venous and arterial, is taken. This is most obvious when — 


sidering the oxygen figures. 


As far as nitrogen is concerned in each series, . percentage ne 
content is distinctly less in the second than in the first analysis of each 
series. The average nitrogen found in the eight experiments is 1°13 pl. 
of blood; but if we take the second analysis of each series, where the 5 


equilibeam has been attained, the average value is 1°04,which is 


‘identical with the average value of fourteen Table II. If 
we take only the final values for hirudinised blood, the average percentage 
of nitrogen is slightly lower — 0°99. In the case of defibrinated blood 
(Series III) the values are than for — 
dinised blood. 0 
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OF BLOOD. 


THE EFFECTS OF INHALATION OF OXYGEN ON THE 
P 

The results of thirteen experiments on the arterial blood of cats 

breathing oxygen containing 2-4 pie. of nitrogen are given in Table IV. 


Except that the animals were breathing oxygen instead of air, the 


experiments were carried out exactly as described in the experiments 


of Table II. It will be seen that the average quantity of carbon dioxide 


is 36°68 C., the average oxygen 15°02 d., and the average nitrogen 
016 cc. per 100 cc. of blood. 


Our experiments with the inhalation of oxygen were undertaken 


with the object of sweeping the nitrogen out of the alveolar air, and 


determining by direct analysis if the nitrogen-content of the blood bore 


the same relation to the nitrogen that it should have contained, on the 


assumption that Bohr's coefficient of absorption of nitrogen by blood 
was correct, and that the solubility of nitrogen in blood followed the 


ordinary physical laws, as we found in the case of animals breathing air 
(see Table IT). We have found that this is not the case. The amounts 


of nitrogen found in the various experiments vary from three to ten 
times the calculated amount. Taking the average values, the theoretical 


nitrogen in the nine experiments in which it was determinable is only 


a fourth of the average nitrogen found in thirteen experiments, . Arguing 
from the average figures, 75 pa. of the nitrogen is unaccounted for by 
the ordinary physical laws; whereas in the case of animals breathing 
air, only about 18 p.c. is whacbouistid for in this way. It seems clear 
from this large discrepancy that the solubility of nitrogen in the blood 
does not follow the Dalton-Henry law when the tension of nitrogen in 


the alveolar air is reduced. We are therefore led to believe that the 


presence of colloidal substances in blood must affect the solubility, 
rendering this gas more soluble at low than at high pressures. The 


view. 


Tus NITROGEN-CONTENT OF VENOUS: ‘BLOOD 
RESPIRATION OF OXYGEN.. 


In Table v we give six analyses of the venous blood of cats breathing | - 


| oxygen. The conditions were identical with those for the experiments 
The samples of blood were either 


Journ. p. 294 1011. 
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the right auricle by a cannula passed down the internal jugular vein, — 


or from the inferior vena cava. It will be seen that the amount of 
nitrogen in venous blood is much higher than in the case of arterial 


blood. The average amount is 0°36 c.c. per 100 Ce. of blood for venous 


blood, against 0°16 in the case 322 arterial e double the 
amount. 

Three explanations of this excess of nitrogen i in venous over arterial 
blood suggest themselves: either gaseous nitrogen is a metabolite, or 


the excess is due to the gradual leakage out of the tissues or the 


intestinal gases pass into the blood. That nitrogen is a metabolite is 
improbable and the recent careful experiments of Krogh confirm this 


view. We think the most reasonable explanation is that the excess 


of nitrogen in venous blood is due to a gradual leakage from the fat- 
containing tissues . As at body-temperature the fat of animals dissolves: 
at least five times as much as blood and blood-plasma, the diminution 
in the percentage saturation of nitrogen in the blood, due to breathing 


oxygen, would disturb the existing equilibrium between the nitrogen 


of the fat, lymph, and blood, and cause a gradual passage of nitrogen 
from the fat to the body liquids. It is possible also that some nitrogen 
may find its way into the blood from the intestine ; but we have never 


found any trace of combustible gases in the blood, such as are stated 


to ocour, and the intestinal wall is not, according to Boycott, very 
permeable to nitrogen’. 

If this explanation is correct, that there is a leakage from the fatty 
tissues, the excess of nitrogen found in arterial blood over theory might 


be due to the fact that during its passage through the pulmonary 


capillaries a complete equilibrium was not attained between the blood 

and alveolar gas. In this connection it is significant to notice in 
Table IV that the nitrogen values are generally slightly higher when 
ec. of than when 


| 


1. nitrogen dissolved:in the blood 
than can be accounted for on the assumption that the coefficient of 
absorption: of nitrogen for blood given by Bohr is correct, and this is 


equally true even if the W is incorrect to the extent of ten or 
Per cent. 


Vernon, H. M. Prot. Roy, Soe, Ben B, lan 5. 866, 1907. 
— This Journal, 356. 1905. 
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2 "The volume of nitrogen in the blood does not follow the e 
physical laws of absorption with varying A in the 


alveolar air. 


3. We find an excess of nitrogen in venous compared with arterial 


blood at the end of a period of oxygen-inhalation. 


4. There is no evidence that this excess is due to a production of 
nitrogen in the ordinary processes of metabolism. In our opinion 


during the period of oxygen inhalation the excess in venous blood is 
due to a gradual leakage of nitrogen from fat and fat-like tissues. 


Wa tile thie opportinliy of thanking the Government Grant Committee of the Royal 


for of thin work which was cared owt in the 
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NRW DETERMINATIONS OF CERTAIN ABSORPTION 
COEFFICIENTS OF IMPORTANCE IN BLOOD-GAS 


INVESTIGATIONS. Br GEORGE FAHR 


Ar the time of the sad death of Professor Bohr I was engaged with 
him upon.a research of the factors governing the combination of oxygen. 


with hemoglobin. Before entering upon the essential part of the 
investigation, it seemed desirable that certain vew absorption coefficients 


be determined, and the apparatus thereto having once been set up it 


was decided that the absorption coefficients for blood and serum be 
reinvestigated. I dedicate the results to the memory of Professor 
Bohr to whoni we are so largely indebted for the development of the 


4 


A glance at the accompanying schematic drawing will help to an 
understanding of the method used in these determinations. That part 
of the apparatus below the line 7h lies below the level of the water in 
a large thermostat containing a toluol thermo-regulator and an efficient 
mixer. The temperature can be kept constant to O1“ throughout an 
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experiment. The gas under investigation passes 3 through 
the wash bottle w,, where it becomes saturated with water vapour at 
the temperature of the thermostat, into the absorptiometer D through 
the glass tube vi and out through the tube r,. The tube r, leads into 
the condenser X the upper half of which is above the level of the water 
in the thermostat. The water vapour condensing in the upper colder 


part of the condenser flows down along its walls and collects at the 
bottom without stopping even momentarily the small tube r, which ends 


below the surface of the water in the thermostat, The water manometer 
MA connecting with the outlet of the condenser serves to measure the 


positive pressure of the gas passing through the apparatus. A sample | 


the gas passing out through the wash bottle w, is collected i in ‘the 
te” E towards the close of the experiment. 


The absorptiometer consists of a large battery jar sealed into a . 
ring n. A metal plate pi is screwed tight to the metal ring. A ring 
of soft rubber placed between the metal ring and plate serves to make 


the joint air tight: ‘The axle of the belt wheel R passing through a 
stuffing-box into the interior of the absorptiometer carries a small wheel 


on its inner end. The belt wheel is driven by an electromotor, and the 
inner wheel transmits this motion frictionally to the revolving cylinder 


C. A piece of narrow bored rubber tubing is connected to the silver tube 
Si passing through the metal plate into the interior of the absorptio- 
meter. By means of a pipette about 150 c.c. of liquid are passed into 


the absorptiometer and the rubber tube tightly clamped. The cylinder 
C dips for about 14 em. into the liquid. A very rapid and continuous 


change of surface is produced by the revolving cylinder carrying the 


viscous liquid in a thin layer with it. The cylinder is about 20cm. 
long and has a diameter of about 10 em. In our experiments it made 
about 60 revolutions per minute so that we obtained approximately a 


surface of 36,000 sq. cm. renewed every minute, without the production 
of foam. It will thus be seen that the conditions for obtaining a rapid 


and thorough saturation are very good. Test experiments showed that 


_ the liquids we investigated were saturated after a little more than an 


hour. The time given for saturation was always two hours in the actual _ 
experiments. At the close of an experiment the rubber tubing previously 


used for filling the absorptiometer is attached to a blood-gas receiver of 


the Bohr pattern’, previously evacuated. and weighed to centigrams. 
About 100 C., of, the liquid ‘are-sucked into the receiver under the 
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in weight’ divided by the specific gravity at the temperature of tlie 
thermostat gives the number of c. c. in the blood receiver. The specific 


gravity is determined before each experiment at the temperature of the 


room by means of a Westphal balance to four decimals. From this the 
specific gravity at the temperature of the thermostat is reckoned on 
the assumption that the decrease in specific gravity for the liquid under 


investigation is proportional to the decrease in specific gravity for water 
for a like ‘increase in temperature. 


The amount of gas contained in the liquid now in the blood receiver 


is determined by pumping out and anal\ sing in the Petterson apparatus. 
The barometer, the temperature of the thermostat and the manometer, 
is read off before the taking of the liquid sample. We now have the 


necessary data for the'calculation of the partial pressure of the gas over 


the liquid surface, as soon us the analysis of the contents of the “Ente” 
has been made. We are in a position to calculate the a ion 
coefficient for the given temperature, gas, and liquid as soon as 


the analysis ‘of the gas . out of the liquid. — has been 
made. 
The accuracy of the can be easily. the, 2 


following considerations. 100 Cc. of blood at 30° contain about 1°50 0.0 
H, which may be analysed with an accuracy of 001 cc. The gas 
sample taken in the “Ente” contains about 15 c.c. of nearly pure gas 
which also may be analysed with the above accuracy. After the gas 


has been passing for 4 hour the composition of the gas in the absorptio- 


meter is constant as special experiments showed. Therefore the liquid 
is under a constant partial pressure for 14 hours so long as the barometer 


and temperature remain constant. The baronieter was read about 3 
hour after: the beginning of an experiment and again just before the 


close, and in no case was the variation of such a size as to cause an error 
as large as the possible error in the analyses. The temperature in the 
thermostat remaining constant to 01 and the thermometer calibrated 


by the Reichs Anstalt the error in the value of the tension of the water 
vapour above the liquid should not be greater than 0°2 mm. Hg. The 
error in the reading of the water manometer is even less than this. 
The tension. in the water vapour above blood and plasma is less than that 
of pure water, but the difference is so small that it will in itself cause no 
error comparable to the possible error in the analyses. But when the 


experiment is continued for two hours the lowered tension of water 


vapour causes an error indirectly, in that the gas passing the wash bottle 


and there is 
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therefore a condensation of water in the absorptiometer which though 
slight in itself actually causes a diminution of 0˙5 / in the specific 
_ gravity after two hours. The absorption coefficients are therefore 0°5 °/, 


too high. From these considerations it will be seen that the errors in 
the absorption coefficients as determined by us were probably under 
1% The differences in the values of the same absorption coefficients 


for water as determined by the various investigators are much larger 
than this. We made parallel determinations for each sample of blood, 


plasma, etc. and always obtained agreement between the two deter- 
minations to within less than 1°/,. The individual variations in the 
absorption coefficients from different samples were larger than this“. 

The most important absorption coefficient for the physiologist is that 


of oxygen. As this enters into a chemical combination with hæmo- 
globin it is necessary to determine the absorption coefficient of oxygen 
in blood and hmmoglobin solutions indirectly by assuming that the 
percentage reduction of the absorption coefficient in blood from that in 


water is the same for oxygen as for those gases which do not combine 


with hemoglobin and which therefore may be determined directly. 
This is very nearly true for such slight reductions in the absorption 
coefficients as are obtained in blood, serum, plasma, eto.“ Thus in two 
parallel experiments we found the absorption coefficient for oxygen in 
ox serum at 29°7° to be 00247 or 94°0°/, of the absorption coefficient 


for oxygen in water as determined by Winkler“; whereas the absorption 


coefficient for hydrogen in the same serum was 0°0156 or 95˙5 % of the 


value for water as determined by Bohr and Bock“ In ox plasma 


containing 0°45 / NaF we found the absorption coefficient for oxygen 


00238 or 90°5°/, of the value for water, whereas for hydrogen we 


obtained 00151 or 92°5°/,". From these experiments we may conclude — 


that the percentage reduction of the absorption coefficient of oxygen in 
ox serum and plasma is a little larger than that of hydrogen. This is 
in agreement with the determinations of Bohr“ of the percentage 
reduction of the absorption coefficients for oxygen sai or in 


1 See Landolt und Bornstein, Tabellen. 
2 Bohr, Stand. Archiv, p. 104. 1906. 
Landolt und Bornstein, loc. cit. 


Landolt and Bornstein, loc. cit. 
and Book for hydrogen because in a series of experiments to test the absorption 
coefficients in water we obtained figures for hydrogen which agreed with those of Bohr 


and Bock to 0% 5 


© The values found for plasma which wae plasma from the same blood as the serum : 


are about 3'5°/, lower than the corresponding values for the seram dus to the 0-45 % NaF 
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2 20% NaCl solution. Still the differences are as small where the 


absolute reduction is as small as in blood and serum, that for all 
ordinary purposes we may calculate the absorption coefficient for oxygen 
in blood and hemoglobin solutions from the values obtained from 
hydrogen on the assumption that the percentage reduction in these 


_ liquids is practically the same for both gases. At the same time it is well 


to keep in mind the fact that the absorption coefficient for oxygen in 
blood is indirectly determined. In horse plasma containing 0°45 ½ NaF! 
we found the absorption coefficient for nitrogen 900% of that in water as 
determined by Bohr and Bock*; whereas for hydrogen under the same 
conditions it was 910 %. In view of the possible errors in the deter- 
minations of the absorption coefficients both for water and for plasma 
it may be assumed that for hydrogen and nitrogen the percentage 
reductions are practically the same where the absolute reduction is 
so small as here. 
A word must here be said as to the temperature at which these 
absorption coefficients were determined. For physiological investigations 


a temperature of 37-38" is most appropriate. In our first experiments 


we were not in a position to determine the coefficients at a temperature 
higher than 29°7°, due to a fault in the apparatus. After this defect 
was remedied we determined to carry on the investigation at 29°7°, for 
the change i in percentage reduction of the absorption coefficients by a 
rise in temperature of 7° is not appreciable’. 

03 / NaFl was added to the blood used in these experiments 
excepting where we wished to investigate the serum, in which case the 
blood was whipped to defibrinate it. The 0˙3 °/, was reckoned as to 
the volume of blood and as the NaF! probably does not penetrate the 
limiting membrane of the corpuscles to any great extent we must 
conclude that there is about 0°45 % NaF in the plasma, which will 
reduce the absorption coefficient appreciably. In ox serum to which no 
NaF! had been added the coefficient for hydrogen was 94˙5 / and when 
NaFl had been added so as to make 0°9 / the coefficient was 89°5 / 
The same result can be concluded from the above cited absorption 


coefficients of hydrogen and oxygen in plasma and serum from the same 


blood. The serum contains no NaF! whereas the plasma contains 0°45 /. 


1 Landolt und Bornstein, I corrected this absorption coefficient for the argon 
which was absorbed and was reckoned as nitrogen by Bohr and Bock. For this purpose 


_ Physik. Chemie, xxx. p. 184. 1899. 


2 Bohr, Skand. Archiv, p. 104. 1006. 
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and corresponding to this the coéfficients in plasma are 25 /, lower. 
In the tables therefore 1 shall give two columns of percentage coefficients, 
the one for blood and plasma with NaF! and the other with these values 


corrected for the depression due to NaF’... The first column of all the 


tables contain numbers designating the individual from which the blood 
was taken. Thus blood, plasma and corpuscle Juice corresponding to the 
number 2 were obtained from the same sample of blood. In the first 
table I have also added a column for the volume-percent. of the erythro- 
eytes determined in a Hamburger hematocrit, And lastly this table 
contains a column for the percentage of the absorption coefficient 


calculated for the corpuscles from the determined values for the blood, 


plasma and volume-percent. of the corpuscles, 


for Percent. of  Percenteost, vol 


for ox blood is exceptionally low due to the large 
Bohr! found 9 for ox blood containing’ 88 % of corpuscles. © of corpuscles. 


The absorption coefficient Sor hydrogen in blood at 29.7 The 
hydrogen used in these experiments was obtained by the action of 
H,SO, on zine. The gas was freed from impurities by passage through 
KMu0, and through H,SO,. We also made control experiments with 
électrolytically prepared hydrogen and obtained in all cases the same 


* 


the absorption cvefficienta, Bach horigontal column repre. 


sents the mean obtained from two parallel experiments upon the blood 
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12 


9125 aS (into 81 41 de 


Absorption confficiens for hydrogen in or serum at 20 · 7. 


Average — 00166 95˙0 


It had ‘been our intention to study particularly the combination of 
oxygen with hemoglobin as contained in the juice pressed out of the 
erythrocytes in à Buchner press. It therefore became desirable to know 
the absorption coefficient for hydrogen i in this corpuscle juice. After 
washing the corpuscles three times in 0°9*/, NaCl and centrifuging, the 
juice was prepared after the method described. by Offringa' with the 
exception that we omitted the purification of the infusorian earth as 
recommended by Offringa. We heated the infusorian earth to destroy 
all organic matter, which was sufficient for the determination of the 
absorption coefficients but not for the determination of ‘the oxygen | 


_ tension curve for this juice. 


Coot, in Coef, in Percent, of 
Number corpuscle juice — coef. in water 
| | 001478 90°5 
7. | — 0˙01460 89°5 
8. — 0°01479 


Average -0°0147 90-0 


Absorption coeficient for hydrogen in hemoglobin solutions at 29°7°. 


We obtained our hemoglobin by the dialysis of corpuscle juice. Hæmo- 
globin prepared after this method would seem to be as little altered as 


1 Offringa, Biochem. Ztsch. xxvu1. p. 106. 
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it is possible to obtain. The water outside the pergament tubes 

contained ice made from distilled water. By frequently changing this 
water the dialysis of the salts is complete in two days and the solution 
in the parchment. tubes is only slightly diluted from the diffusion of 
water into the tubes. By this means we were able to obtain a 20% 
solution of hemoglobin when reckoned from the iron content. The 
solid substance was 19°9 gr. per 100 cc. and the iron content 00668 gr. 


per 100 %. 
20 % solution Hemoglobin. 
Number coat tan Water 
7 0.91685 001601 95°5 
10 % solution of Hæmoglobin. 1 
7 0-01504 97°6 
Our values for the absorption coefficients in blood are in very good 


agreement with the values for the same as found by Zuntz and Bohr- 
with the exception of the absorption coefficient for ox blood, which is 
undoubtedly lower than usual due to the exceptionally large volume of 
corpuscles. As far as I have been able to find our values for hemo- — 
globin are the first direct determined values. The same is true of the 
Values for the corpusole juice. | x— 


* Hermann, Hab. d. P Iv. p. 15. 
* Bohr, loc, cit, | eee 
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A NEW ABSORPTIOMETER. 
By GEORGE FAHR. 


In the construction of an apparatus for the saturation of liquids id with , 


~ gases or mixtures of gases for physiological investigations the following 
points must be regarded. The saturation must take place as fast as 
possible. As the gases invading a liquid do not diffuse rapidly from the 
surface in contact with the gases into the interior of the liquid but do 
enter the surface rapidly it is necessary to obtain a rapid renewal of 
unsaturated surface. This must be accomplished without the production 
of foam for the diffusion into and across a layer of bubbles is a very slow 
process, and thus the partial pressures of the gases in the lowest layers 
of the foam, and therefore the effective pressures in causing saturation, 
may be very different from the partial pressures of these gases above 
the foam. In working with mixtures of gases it is desirable to be able 
to obtain definite partial pressures in the gases above the liquid and to 
be able to take a sample of this gas mixture at the close of the experiment 


for analysis. We must know accurately the pressure of the gas mixture — 


and the tension of the water vapour. We must be able to keep the 
temperature constant otherwise the changes in the water vapour tension 
during the progress of the saturation will cause variations in the partial 


pressures of the gases larger than is desirable. There must be an 


arrangement for taking an accurately measured quantity of the liquid 


at the close of the experiment for evacuation and analysis of the 


contained gases. These considerations hold also for the construction 
of apparatuses for determining the absorption coefficients of gases, and 


the absorptiometer to be described is well adapted for such determinations. — 


In a former paper! I have described an absorptiometer which meets 
very well most of the above mentioned conditions but the taking of 
the liquid sample leaves much to be desired. Besides there is no 
ada ‘made in it for simultaneous determinations in two liquids. 


1 This Journal, Xian. p. 417. 1912. 
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brass box with a glass roof through which one may see into the interior 


@, PAHR. 


To meet this latter requirement and to improve upon the method of 
taking the gb Prof. Bohr designed the absorptiometer described 


The absorptiometer consists of two parts; the cover A, Fig. 1. 


of the absorptiometer, and 5 floor of the . * in 


ch t 3 
Hoi: A 
rig 2 When i in 1 the cover is i tightly fitted to the Pao oe means of 3 
screws. passing through holes in a flange around the rim of the cover and 5 
in the plate which forms the floor. A thin sheet of rubber with holes ‘ 
corresponding to those in the flange and the plate is placed between a 


them. The joint thus formed is air tight, when the nuts on the screws 
are tightened. The floor of the absorptiometer with the frame c,c, forms 


t 


a for holding tie to The basin is di vided 
into two compartments by means of a eros piece shown with dotted 
lines i in Fig. 2. We are thereby placed in position to compare the 
ab on in two liquids’ under exactly the same conditions. One of : 
the cylinders D. or D, dips into the liquid in euch of the compartments. 
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In the absorptiometers in use in the physiological laboratory in Copen: 
hagen the dimensions of the compartments are such that the height.of 
the liquid in them is only 5 mm., and the axis of the cylinders is placed 
at such a height above the floor that the lowest position of the generating 
line of the cylinders is within 2 mm. of the floor: Smoothly turned slits 
in upright pieces at the ends of the compartments serve as bearings for 
the axles, A steel magnet M is fastened to the axle at the one end, 
and a metal wheel W at the other. The steel magnet is turned by a 
revolving magnetic field. In Fig. 1 the two poles of one of the horse- 


shoe electromagnets is schematically shown. There are three of these 


electromagnets with the six poles arranged in a circle whose centre lies 
on the axis of the cylinders produced. The three electromagnets are 


prior excited so as to produce a revolving magnetic field by means | 
of a commutator turned by an electromotor. The magnet M revolves 


with the same speed as the magnetic field and thus at the same rate as 


the commutator. The wheel W is filled with mercury and serves to 


keep the motion of the light cylinders regular. The length of each of 
the cylinders in the absorptiometers in use in Copenhagen is 8 cm., the 
diameter 7 cm. and thus the surface of each cylinder about.175 sq. om. 
In general the cylinders are driven at a speed of about 60 revolutions 
per minute, The surface renewal is therefore 10,000 sq. cm. per minute. 
Each compartment is filled in general with not more than 30 cc,, so 
that the renewal of surface and the conditions for a thorough saturation 
are very good. No fvam is developed at this speed. At the same time 
the revolving magnet fans the ‘gus in the e into an setive 
circulation, 

The compartments are filled by 1 the liquid from a 30 ec, 
pipette to flow down the rubber tubing rt, through the cock Hi. and the 
siphon tube s into the compartment. The siphon tube is passed into 


the absorptiometer through a metal pipe fitted to the floor plate. A 


piece of rubber passed over the siphon tube and the pipe serves to make 
the joint tight. Before the beginning of an experiment the receivers R 
are filled with mercury from the vessels B. At the close of an ex- 
periment the vessel B is lowered and the receivers filled with the liquid 
flowing iu after the mercury. The receiver is now removed from the 


siphon tube at the joint J and attached to an evacuated blood gas 


receiver of the Bohr pattern“. The liquid is filled over into the blood 
n. receiver for pumping out the gas. The mercury vessel, B is Tt 


“4 The cocks H. 
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raised and all the necessary precautions are observed. The receivers 
for the liquid samples are all calibrated by ~~ with mercury and 
the number of .., from which the gases have pumped out there- 
fore accurately known. 

The gas mixture with which the liquid is to be saturated is passed 
in through the wash bottle w, where it becomes saturated with water if 
vapour at the temperature of the liquid in the absorptiometer. From 55 
bere it passes through the cock F and the glass tubing into the bs 
absorptiometer as may easily be seen in the figure. The gas passes out 
through the condenser K the upper part of which is above the level of 


——ꝑ——̃ ᷣ̃ ͤ 


the water in the thermostat. The water condensing in this upper ae 
colder part of the condenser flows down along its walls and collects at a 


the bottom without stopping the narrow outlet. This is necessary to 
avoid large fluctuations in the pressure of the gas passing through the 
absorptiometer. Finally the gas passes out through the wash bottle w,. 
Trial experiments showed that blood and hemoglobin solutions were 
saturated with oxygen when the gas mixture is passed through the 
absorptiometer for a half hour and then after closing the cocks Fi and 
F, the apparatus run for ten minutes longer with the constant mixture 
of gas above the liquid. 

On the other face of the absorptiometer (the one turned from the 
reader) there is a manometer set in to measure the positive pressure in 
the apparatus. The lower and upper parts of the manometer may be 
seen in the figure. On the other hand I have not been able to show 
the receiver for taking the sample of the gas mixture in the apparatus 
which is also set into the other face of the absorptiometer. It is in 
principle like the liquid receivers, differing only from them in the 
absence of the lower cock and in the addition of a siphon tube filled 
with mercury before the beginning of an experiment and used for filling 
the contents of the gas receiver over into an “Ente.” The contents of 
the “Ente” are analysed for the percentage composition of the gas 
mixture in the absorptiometer. | 

The whole of the above apparatus is let down into a thermostat 
whose temperature can be kept constant to 01°. The windlass for 
raising and lowering the absorptiometer is carried by a carriage en 
on rails at a convenient height above the thermostat. : 
In many investigations it is desirable to have the saturation take 
place under definite partial pressures of a gas or definite percentage _ 
composition of a mixture of gases which may be varied at will from 
experiment to experiment. Prof. Bohr accomplished this in the 
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following manner. The gasometer shown in Fig. 8 is filled with the 
previously determined gas mixture and thoroughly mixed. The dead 
space of the gasometer is determined once for all and then it is very 
easy to prepare 4 mixture of gases of any desired composition using 
the scale of the gasometer previously calibrated for the calculation. 
The gas mixture is pumped out of the gasometer and into the absorptio- 


meter in a continuous current by means of the Prytz pump P. By this 
arrangement we may keep the partial pressure of one of the gases 


constant while varying the partial pressure of the other gas from 
experiment to experiment. 


accuracy. We may take a sample of 25 ce. which may be analysed 


to 0-01 c.c. accuracy in case of oxygen and carbon dioxide. The pressure 


in the manometer may be read to O5 mm. The thermostat in Copen- 
hagen kept its temperature constant to O1. At 37° the water vapour 


tension is therefore accurate to 025 mm.“ If then the barometric 


pressure is in the neighbourhood of 760 mm. we are in a position to 


determine the partial pressure of a gas in the mixture to 05 mm. 


accuracy. The receivers for the liquid are calibrated by weighing with 
1 The vapour tension will be in fact a little less than over pure water. 
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mercury to milligrams, The amount of blood that will adhere to the 


surface of the receiver is negligible when the blood is sucked from the 


receiver into the blood gas receiver followed by quicksilver from the 


mercury vessels, The gas pumped out may be analysed to 001 cs 


acctiracy in the Petterson apparatus. In working with blood there may 
be an error due to sedimentation of the erythrocytes, especially if horse 


blood is used. If however the cylinders are kept in motion during the es 


taking of the sample this error may be avoided. 

This absorptiometer was to liave been used for the investi gation of 
the influence of various factors upon the form of the curve showiug 
the relation between pressure and amount of oxygen combined with 


hemochrom and hemoglobin. This was cut short by the death of 


Prof. Bohr. As it will be some time before I shall be able to take 
up the work again, I communicate a few of the results so far obtained. 
It would seem that the juice pressed from the red corpuscles should 
contain the hemochrom unchanged. In order to test this supposition 
I determined the tension curves for horse blood and fur the juice 


pressed from this blood according to the method described in the pre- 


ceding paper. The corpuscles were washed in 9°/, cane suyar solution 


instead of in 09 / NaCI. This necessitated longer centrifugation and 
even after three hours the corpuscle volume was not under 50% whereas 


the volume present in the blood was 30°/, after 14 hours. There must 


therefore have been considerable cane sugar in the press juice and this 


is probably one of the causes for the difference in the curves. Another 


cause is the salts contained in the infusorian earth. Offringa’ has 


shown that the infusorian earth contains considerable quantities of 


salts. Bohr has always maintained that the slightest addition of 
_ salts and other impurities to hemoglobin solutions is capable of changing 
the form of the curve, and I prefer to believe that the cane sugar and 
the salts from the infusorian earth are the cause of the differences in 
the curves for blood and corpuscle juice. The time at my disposal was: 


hot sufficient to settle this important question. 
03°/, NaF was added to the blood after which that portion which 
was to be washed and pressed out was immediately put in the centri- 


fuge. The other portion was put in the ice chest where it stayed during : 
: the washing and pressing of the other portion. The washing and 


pressing took up the following day so that there are two days between 
the bleeding of the horse and the beginning of the experiments. On 
the first day of the determinations only the points for tensions 147, 64 


1 Offringa, Biochem. Ztsch. XXVII. p. 106. 
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and 19 mm. were determined. Two days later the rest of the points 
on the curves were determined as well as the points for 34mm. oxygen 
and 58 mm. carbon dioxide | pressure. During the interval both blood 
and press juice remained in the ice chest. The CO, tension for the 


points along the curves lies between 0°4 and 10 mm. In order to be 


able to compare the combination of oxygen in blood and press jnice it 
is necessary to reduce the amount of oxygen: absorbed i in a given sample 
by the amount of oxygen physically absorbed and to calculate from the 
iron content the number of c.c. per gram iron. The iron analyses were 
made according to the method of Neumann’. By extraction of infusorian 
earth with dilute nitric acid I was unable to get a qualitative test for 
iron, 80 that the total iron in the analyses of the press juice comes froth 
the hemochrum, The g table and the curve — n the — 


tension 

47 88-4 
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Fig. 4. 
1 Neumann, Ztsch. f. physiol. Chem. vn p. 115. 
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In order to test the influence of CO, upon both the blood and the 
corpuscle juice I made one experiment with a portion of the same blood 
and juice immediately after the end of the experiment at 324mm. 


oxygen tension. The oxygen tension is here 34 mm. and the CO, ten- 


sion 52˙8 mm. The result is that the amount of bound oxygen in the 
blood is reduced to 67% of what it was and the amount in the corpuscle 


juice is reduced to 75 ½¼ of what it was. The results of this experiment 


are plotted within the large square in the figure. 
One other experiment of interest is that upon the influence of 


dilution. The press juice is already very much diluted with cane sugar. 


I divided a new yield of corpuscle juice into a portion which remained 
undiluted and a portion which was diluted roughly in the relation }. 
Both portions were analysed for iron from which the calculations of dc. 


bound per gram iron were then made. In two experiments the diluted - 


portion of corpuscle juice bound 93% of the amount bound by the 
undiluted portion. The CO, tension was 04mm. and the oxygen 
tensions at which the experiments were made were 53 mm. in the first 
experiment and 47 mm. in the second. In all the experiments mentioned 
in this paper the amount of N, pumped out and — was such as 
to inspire confidence in the — 
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THE ABSENCE OF TEMPERATURE CHANGES DURING 
kN TRANSMISSION OF A NERVOUS IMPULSE. 
Br A. V. HILL, Fellow of Trinity College, Cambridge. 


rom the Tum Laboratory, 


In 1890 Rolleston showed that, to within zoo C., no heat is evolved 
by a live nerve during tetanisation for several seconds. This absence 
of energy-liberation during the activity of a nerve-trunk is a matter 
of fundamental interest : we start from it in building up our conceptions 
of the propagated nervous impulse. It seemed profitable therefore to 
repeat Rolleston’s observations with the more sensitive instruments 
now at our disposal. Rolleston’s experiments were made with the 
electrical. resistance thermometer designed by Callendar. With a 
more sensitive galvanometer it would have been possible then to make 
the sensitivity of reading from 10 to 100 times as high: to-day with a 
Broca or Paschen galvanometer perhaps 1000 times. But, as Callendar 
_ remarks, this would be of little value, because the chief difficulty lies 
in getting the temperature conditions sufficiently steady to admit of 
readings being taken at all. With the resistance thermometer, dis- 
turbances render useless the higher sensitivity of reading. 

It is possible to avoid these disturbances very largely by the use 
of a thermo-electric method: while with a thermopile of 30 pairs of 
junctions, and a Broca galvanometer, one may read to something like 
a millionth of a degree. The thermo-electric method is the only one 
which has ever been used successfully for investigating the heat- 
production of muscles, A careful and critical account of all the 
methods employed has been given by Bürker“ To this, and to the 
‘Kindness of Prof. Bürker himself in allowing me to work with his 


1 Rolleston. This Journal, x1. P. 208. 1890. * did. p. 210. 
* Tigerstedt. Hab. d. physiol. Methodik. an 2, 
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the room must be avoided. 


apparatus in Tübingen, I owe a great deal in designing and making 
my apparatus, 
It needs some acquaintance with the literature, and experience with the method, before 
one is able to avoid all the pitfalls which beset the observer. 
Some precautions to be taken are: 5 
(1) tbs thalt, : 
completely of copper: otherwise temperature variations in the room cause fatal errors. | 
(2) The thermopile must be very small and light: otherwise there will be temperature | 
fluctuations in it, and it will not follow rapidly enough variations of temperature in the 1 
tissue in contact with it. | 
(8) The air inside the chamber where the thermopile lies must be completely saturated 
with moisture, in order to avoid evaporation at, and consequent cooling of, the surface of : 
(4) The tissue must not be allowed to slide along the thermopile ; otherwise warmer 1 
or colder spots in it come in contact with the junctions and cause errors. a 
(5) The galvanometer must be extremely sensitive; therefore magnetic disturbances in : 


(6) Electromagnetic inductive effects of the stimulating currents, on the galvanometer 
and thermopile circuit, must be rigorously sought out and excluded. 

(7) The warming effect ofthe simolating current on the mut be 
and avoided. 


Fig. 1. The thermopile. „ represents junction. Following the direction of the arrows we 
find (1) copper, (2) j in the line A, (8) constantan 4 to C, (4) junction C, 
(5) iron C to B, (6) jyfiction B, (7) constantan B to C, (8) junction O, (9) iron C to 
A, (10) junction 4, (11)eonstantan 4 to C, (12) iron O to B, (18) constantan B to C 
etc,, ending with iron joined to copper at the last junction in the line 4. The nerves 
rest upon the line of junctions C: in which, in the actual thermopile, there are 30 
junctions, and not 18 as drawn. The lines of junctions A and B are sunk in the 

with shellac. Three times natural size. i 
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Other precautions, special to the problem in hand, will often be 
necessary, in order to avoid errors and disturbances. All possible care 
has been taken to exclude such errors of method. 
The thermopile, consisting of 60 junctions between constantan and 
iron, is shown in Fig. 1. The leading-off wires are of copper. The 
constantan and iron wires are 0:15 mm. in diameter, and soldered 
together with silver solder. The frame is of a substance known com- 
mercially as ivoride, which is as good an insulator as, and stronger 
than, ebonite. Its chief virtue is, however, that it is relatively non- 
inflammable, a distinct advantage when soldering the wires together. 
The one set of junctions is sunk in the ivoride on either side, in slits 
„ cut with a fret-saw as close together as possible: the other set lies in 
oe a line down the middle of the thermopile. The tissue used lies in 
contact with the latter set. The whole is well insulated with shellac 
varnish. The fineness of the wire, which renders the soldering very 

difficult, has two advantages : 

cs (1) far more junctions can be made for a given length of thermopile ; ; 

4 5 (2) the heat capacity is very low, so that the stimulated tissue does 

not lose much of its tem perature to the thermopile. 

1755 The length of wire from junction to junction is about 1 cm.: thus, 

; : if the stimulated tissue is to rise in temperature, no large part of the 
heat produced at one junction will be conducted to the other before the 
deflection of the galvanometer is complete. The E. M. F. of the thermo- 
pile for 1° C. is about 1°5 x 10 volts’, The resistance is about 10 ohms, 
so that the highest sensitivity is obtained with a galvanometer of about 
the same resistance. I have used a Broca galvanometer, of resistance 
8˙6 ohms*, made by the Cambridge Scientific Instrument Co. The 


* 


* 


a - sensitivity of this wonderfully handy instrument, and the ease of 
= working with it, have been largely increased by shielding it with 
125 soft- iron cylinders’. A still greater advantage of iron-shielding is that 
ian the effects of external magnetic disturbances are largely reduced. The 
ee galvanometer is 45 metres from the scale, on a stone table“ The leads 
3 to the galvanometer, as well as the stimulating wires, are wound closely 
= together to avoid the effects of electromagnetic induction, produced by 
. the latter on the former and on 1 the thermopile leads. The chamber, 


1 The n. M. v., for 1° C., FF there are 80 pairs 
of junctions, 

2 When the coils are in series: the Broca is considerably better than the Thomson. 

* See A. V. Hill. This Journal, xu. pp. 890, 891. 1910. : 

It is necessary to work in a cellar, or at any rate on a solid foundation. 
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in which the 6 


research on the heat- production of muscle. I hope to describe it more 


fully in later work on this subject. Its essential features for the present 
investigation are: 

(1). It is solidly built of good heat-insulating material (ebonite 
and wood), to prevent the conduction of heat from the outside to the 
thermopile, by the metal rods holding the latter. 

(2) It contains two pairs of copper binding screws, to 1 1 
thermopiles to the galvanometer: one of these pairs may, when necessary, 


be used to connect with non-polarisable electrodes resting on the nerve 


during the experiment. The use of these is to detect whether the 
nerve is alive or not, by means of the —" variation of the 1 injury 
current. 


n nerve resting on thermopile, and stimulated by wires from EE. A wires to stimu- 
lating coil. IT., 7. copper terminals used for connecting with n. p. electrodes resting 
on the nerve. & switch for throwing currents from TI, Ta, or B into the galvano- 
meter circuit. 1, and . resistances in galvanometer circuit. G galvanometer. The 
switch is entirely of copper, mounted on an insulating plate, and is operated by 
_ serewing down copper screws to make the required connections, or to short-circuit 
the resistances. B is the calibrating battery of 1-4 volts. K a reversingkey. R, and 
resistances in the ratio 1:82 x 10-7 1, whereby an u. v. 


(3) It contains es stimulating wires, | in 


(4) There are various vertical and horizontal rods and clamps, for 


holding nerve, eto. in 
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(5) It is covered with a thick glass cover, resting in a groove 
which may be filled with water: the inside of this cover may be 
overlaid with damp blotting paper, and the outside with dusters to 
prevent heat from getting in. 

(6) There are several holes, with ebonite stoppers, in the floor, 
through which damp air may be forced from a Mariotte bottle in order 


to prevent evaporation at the surface of the nerve. 


(7) The binding screws for (2) and (3) are insulated from the level 
of the floor, in order to prevent short circuiting of stimulating currents 


through the damp floor, and possible damage to the galvanometer. 


The binding screws are connected to a switch and resistance box 
in one, which is made of copper throughout. By means of this switch 
either (a) the thermo-electric current, or (5) the current through the 
non-polarisable electrodes, or (c) a calibration current, may be sent 
into the galvanometer’. The general connections are shown in Fig. 2. 
The “calibration current ” is used to test the sensitivity of the galvano- 
meter: during this process (in all the following experiments) a current 
of 1°85 x 107 volts is reversed in direction through the galvanometer. 
When this reversal causes a deflection of 100 mm. the sensitivity of the 


‘whole instrument is 


1 mm. =5 x 10-*°C. | 

It is possible to work with the galvanometer up to a sensitivity 5 
about 700 mm., for a reversal of the calibrating current: hence the 
sensitivity of the whole arrangement may be brought to 1 mm. some- 
what less than a millionth of a degree. At this stage the spot of light 
stands quite reasonably still when the thermopile is not in the circuit : 
when it is, however, small temperature changes in the chamber seem to 
cause unaccountable sudden fluctuations of about 10 mm., even after 


the nerve has been some hours in the instrument. It is shown below 


that, to within about 10 mm. either way, there is no evidence of any 
temperature change even after 20 sec. tetanus: closer than this 10 mm. 


1 In addition, when desirable, the galvanometers may be placed in connection ‘with 
thermo-couples used for the experiments described recently in this Journal, a p. 261. 
1911, 

1 C. gives, with 30 junctions, 30 x 52 x 10~ volts. Through 18 ohms, the resistance 
of galvanometer and thermopile, this gives about 8x 10-* amps. 100 mm. on the scale 


represents, by hypothesis, 2 x 1°85 x 107 volts, which through 9 ohms (the resistance of 


the galvanometer), gives about 4x 10 amps. Hence 1 mm. =4 x 101% amps. Hence 10. 
gives 8 x 108. (4 x 10-”) mm. on the scale, i. 6. 200,000 mm.: therefore 1 mm. = 6 x 10 C. 

The sensitivity of the method is limited by these unaccountable errors: the mere 
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however it is impossible to go, owing to disturbances!. One may there- 
fore assert that impulses may be transmitted along the live nerve for 
20 sec, at about 30 per sec., without causing a deflection, either positive 
or negative, of more than 10 mm.—even when the galvanometer has a 


sensitivity of 700 mm. for the calibrating current. The change of tempera- 


ture following a single propagated nervous impulse cannot therefore 
be greater than +} x 5 x 10-*x 10 x gh, ., te. about 10 C.—a 
hundred millionth of a degree. 

Eaperimental Results. The observations have been made, in every 


case, upon the sciatic nerves of very large specimens of Rana temporaria. — 


As much nerve as possible was dissected out, and tested with induction 
shocks at its central end to see whether the nerve was still intact. The 
gastrocnemius was then cut away, and the nerves (2 to 6 were generally 


used) laid upon the middle line of junctions of the thermopile. The 


nerves used were long enough to cover the junctions on both sides, 
going up the thermopile one side and down the other: there was 
moreover some 10 mm. to spare at the central end, where the stimulus 


was applied, The heat-capacity of the nerves must have been pretty 
large compared with that of the thermopile, especially seeing that the 


heat-capacity of metals and shellac is so low: hence no large loss of 
temperature would have taken place, if any heat had been produced. 
It was, however, found that a stimulus which normally causes a 
maximal contraction in the muscle-nerve preparation was followed by 
absolutely no detectable rise of temperature in the nerve trunk—even 
though the stimulus were continued as a tetanus for 5 to 10 sec. As 


thé stimulus was increased still more a certain amount of heat appeared, 


until with the strongest stimulus available the rise of temperature was 
sufficient to send the spot of light off the scale. This phenomenon 


oceurred however several seconds later than the tetanus, and previous 


experience suggested that the heat was being conducted along the 


nerye from the seat of stimulation, where the very strong currents had 


produced it. This was tested by killing the nerve with chloroform 
vapour, and stimulating again. After one hour in chloroform vapour, 


it was found that any heat-production appearing in the live nerve 
appeared also in the chloroformed nerve, so was obviously a purely | 
physical effect. A short account of these preliminary — is 


given below. 
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Number of ner ves used 1 9 6 6 6 


on sale 


more tendency to be positive than negative. 


evidence was available that nervous impulses were actually being 


these might be quite fatal, as the muscle might warm up 10,000 times 


‘experiments showed however that the nerves did not die when left on 


‘Same result. 
ä taken at intervals during 8 hours of (i) the heat - produotion and (ii) the negative variation, 
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Value ot 1 m. „ 10. 1˙8 10. 2˙6 100. 2 10-0. 28 „ 10. 


In all of these cases 5 sec. tetanus liberated no appreciable heat in the nerve trunk, at 
any rate to within + 5mm. on the scale. Often one could be sure the deflection was not 
greater than + 2 mm.: ee arose seemed to show no 


There was no appreciable heat-production in these experiments. 
On the other hand the nerves might have been dead in all of them: 
unlikely as this was the investigation was not complete until direct 


transmitted. The obvious method of testing this was to leave the 
gastrocnemius attached to the nerve; two experiments however were 
sufficient to show that this was quite unsatisfactory, because (a) 80 
much nerve had to be left free between thermopile and muscle, (6) slight 
movements of the nerve might result, and (c) heat was gradually 
conducted along the nerve from the tetanised muscle. The last of 


as much as the quantity it was desired to detect in the nerve. Such 


the thermopile. The only direct method left, of inyestigating whether 
the nerve was functioning, was by means of the injury current and 
the negative variation thereof following a tetanus. This was applied 
in the following three experiments: non-polarisable electrodes were 
laid on the nerve, and connected up through the switch with the 
same Broca galvanometer as the thermopile. In each experiment no 
heat-production whatever was seen. After or during the experiment 
the negative variation and injury current were sent through es 
galvanometer, in place a the thermo-electric current. 


TABLE IL 


Bxp. 1. 6 ented at end of experiment, showed strong injory current and 
negative variation. 
Exp. ii. 


Exp. iii. N. p. electrodes left on the nerve during the experiment. Readings were 


following a tetanus. The nerve functioned throughout, giving an injury current of more 
than 1000 mm., and a negative variation of from 15 to 180 mm. according to the strength 
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of stimulus. This latter was not physical, as reversing the stimulating wires had no effect. 
25 sec. tetanus with nearly maximal shocks seemed to cause no appreciable heat-produc- 
tion, to within 4 8mm. The galvanometer was as sensitive as possible, so that 25 sec. 


tetanus caused a change of temperature (if any) certainly not greater than + 6x 10 C. 


A single propagated wave cannot therefore cause a change of more than about 10-*° C. 


From the above experiments one may conclude therefore that, in 
a nerve known to be functioning, the change of temperature (if any) 
following the passage of a single propagated nervous impulse is not greater 
than about + 10 C. Hence not more than about 2°5 x 10 grm. of 
carbohydrate can be oxidised, per grm. of nerve, to expedite the passage of 
a single nervous wave. This would require about 2°7 x 10 grm. of O,. 
The mass of one molecule of oxygen is about-1-4 x 10 grm.: hence not 
more than 2x10" molecules are oxidised per grm. of nerve, or not 


more than one molecule in every cube of nerve of dimensions 37 l. 


This seems to suggest that the process of transmission in nerve is one 
of a purely physical nature: it is almost impossible to conceive how 
the explosion of one molecule of oxygen in a space as big as a 37 cube 


could have the effect of propagating a wave of chemical breakdown. 


Any electric or electromagnetic effect which can be propagated as a 
wave in a system of charged colloidal particles, will appear therefore 
more likely than one which requires a continual evolution of energy, 


such eg, as the firing of a train of gunpowder. The function of O, in 


the nerve seems to be merely that of keeping the machine in working 
order: there is no appreciably increased oxidation during activity. 


SUMMARY. 


By a thermo-electric method it is shown that tetanus, up to 25 secs., 
of a live nerve, does not cause a change of temperature (other than at 
the seat of excitation) of more than about 4 6 & 10 C. There is no 
evidence of any change at all, but the method does not allow conclusions 
heyond this limit. For every single propagated disturbance the change 


of temperature therefore cannot exceed about 10 C., a hundred 


millionth of a degree. This corresponds to an oxidative process, in 
which only one molecule of oxygen is used in a space of visible size, viz. 
a 37 cube. This suggests very strongly, though of course it does not 
finally prove, that the propagated nervous impulse is not a wave of 
irreversible chemical breakdown, but a reversible change of a purely 
physical nature. 


The expentes of this research have been largely defrayed by a grant from the Royal 
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oN THE PREPARATION OF SECRETIN. | 
Br WILHELM STEPP, MD. : 


Tax discovery by Bayliss and Starling m that the en of the 
pancreas is normally excited by chemical means is now generally accepted, 
and even Pawlow’s school, as is shown by a recent paper by Bylinaa, 
regards the secretion of the pancreas as in the main dependent on 
a humoral mechanism. Bylina maintains that, in addition to the 
chemical mechanism, nervous influences are concerned in the excitation 
of the pancreas and indeed determine the chemical character of the 
juice secreted. The two first named authors showed that the pancreas- 
exciting substance, secretin, is formed in the mucous membrane of the 
upper part of the small intestine under the influence of hydrochloric 
acid. Fleig«@ later pointed out that secretin might also be extracted 
from the mucous membrane of the small intestine by means of soap 
solutions. These two reagents are not however the only ones which 
may be employed for the extraction of secretin, and Fleig concluded 
that the secretins, obtained by various methods, really represented 
definite chemical individuals, for which he proposed special names, such 
as crinin, sapocrinin, ethylocrinin. I shall later have to discuss how far 
te criteria are justifiable which determined pete gi in coming to _ 
conclusion. 
The discovery of Bayliss aa Starling has enabled us to form a 
clear conception of the manner in which the secretion of pancreatic 
juice is normally evoked. The question arises whether F leig’s discovery, 
that soap solutions are a good means of extracting secretin from the 
mucous membrane, has any significance in the ordinary processes of 
digestion. Fleig showed that although an emulsion of olive oil and 
sodium carbonate was powerless to extract secretin from the intestinal 
Mucous membrane, it acquired this power if treated with pancreatic 
juice and placed in the incubator for a short time, 80 as to saponify the 
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4% STEPP. 
olive oil. It seems 3 therefore that, on a fatty diet, pancreatic 


secretion is first evoked through the intermediation of secretin produced 


by the action of acid, and then that the soaps produced by the action of 
this juice on the fats provide for a new formation of secretin, which in 


its turn maintains the activity of the pancreas—a conclusion at any 


rate in accordance with experimental results. 
‘In certain cases of disease the secretion of hydrochloric acid by the 


stomach is suppressed. The question arises whether in such conditions ; 


of achylia, where one link in the chain of the digestive processes is 
wanting, the activity of the pancreas would be seriously affected, or 
whether the acid mechanism might not be replaced by others, eg., by 
the formation of soaps in the stomach or duodenum. Before I could 


attack this problem it seemed necessary to examine more closely the 


properties of secretin, and especially, if possible, to obtain a clearer 


 eonception of the conditions under which it is formed in the mucous 
membrane of the small intestine. Gley@ has recently maintained that 
secretin.can be extracted from mucous membrane by simply boiling _ 
with water. The following experiments were devised with the object 


of clearing up some of these points. 


Mode of experiment. The experiments were all carried out on dogs | 


under morphia-chloroform-ether narcosis, A fine cannula being placed 


in the pancreatic duct, a long glass tube was attached thereto, so that 


the falling drops of secretion could be registered by means of a Marey’s 
tambour. The arterial blood-pressure was taken in all cases. The 
extracts were injected by a cannula into the jugular vein, care being 
taken to wash out the cannula with salt solution after each injection. 
In making the extracts the mucous membrane from the upper part of 


the small intestine of a freshly killed dog was scraped off and rubbed up 


in a mortar. It was then weighed and different extracts made with 
corresponding amounts of the mucous membrane. In many cases the 
mucous membrane was obtained from the animal under experiment, the 
upper loop of the jejunum being excised for this purpose after ligature 
of all its vessels, The extracts were injected fresh; or, if it were 


necessary to keep them, they were preserved in a cold chamber at 0° C. 


In order to allow of a comparison between different extracts, care was 
taken to use equal weights of the mucous membrane for a given pro- 
portion of fluid. At the beginning of each experiment, as a control, a 


small dose of secretin, prepared in the ordinary way with acid, was 


and that the cannula was patent. 
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I. Aqueous extracts of mucous membrane. | 

Extracts prepared by rubbing mucous membrane with cold tap water 
and subsequent filtration have no, or an extremely slight, effect on the 
pancreas. Watery extracts prepared by boiling the mucous membrane 
gave varying results, In a certain number of cases injection of such an 
_ extract had a considerable secretory effect. In other cases not a drop of 
secretion was obtained. The same variability of result was noted when 
the extract was made by boiling the mucous membrane with water made 
slightly acid with acetic acid (5 c.c. 5 p.c. acetic acid to 100 c.c. water). 
Sometimes the extract was effective, in others no secretion was obtained. 
Even after concentration of the watery extract to one fourth of its 
previous volume, only a minimal secretion was observed. If the mucous 
membrane which had been boiled with water was subsequently boiled 
with 4 p.c. hydrochloric acid according to the usual method of preparing 
secretin, an extract was obtained which had either no effect on the 
panereas or only a very slight effect. The reaction of the watery 
extracts was in all cases weakly alkaline to litmus. The extracts them- 
selves were turbid, and though at first they filtered easily the rate of 
filtration rapidly fell off as the pores of the paper became stopped. 

We might explain these results- by assuming that secretin may 
occasionally occur in solutions of mucous membrane in a soluble form, 
but that in most cases it exists in the cells in some form of combination 
and needs stronger measures than mere boiling with water to decompose 
it and to release the secretin. This latter assumption is identical with 
the view put forward by Bayliss and Starling that secretin exists in 
the cells in the form of a precursor, pro-secretin. — 
According to Fleig the fact that secretin can be extracted from the 
mucous membrane with hydrochloric acid, but not by means of water, 
does not necessarily point to the presence of a precursor of this substance 
in the cells, since it might be explained by the assumption that secretin 
is soluble in hydrochloric acid but insoluble in water. This criticism 
is hardly valid since it is easy to show that secretin, once it is extracted 
from the mucous membrane, is easily soluble in water, and my experi- 
ments show that whereas in a certain number of cases mere boiling of 
the mucous membrane in water is sufficient to extract an active solution, 
in the majority of cases secretin is not present in the mucous membrane 
in a water-soluble form. 
Tuo fact, that in certain cases it was impossible to prepare secretin 
in the ordinary way from boiled mucous membrane, may be due to the 
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destruction of this substance which occurs on boiling in weakly alkaline 
solutions. This however cannot be the only explanation, since in some 
cases it was impossible to extract secretin from mucous membrane which 
had been boiled with the addition of a few cubic centimetres of weak a 


acetic acid, so as to prevent any destruction of the secretin. 


One other possibility occurred to me, namely, that the secretin might 


pass into the filtrate in the form of a soluble inactive precursor which 
might be activated by boiling with acid. In a few cases this was found 


to be the case: The opalescent, slightly alkaline, filtrate obtained after 


boiling the mucous membrane in water was acidified with hydrochloric 
acid, boiled, and then nearly neutralised with sodium hydrate. On 
- injecting the solution thus obtained, it was found to be much more 
active than the original filtrate. 

These results seemed to indicate that secretin may covssiovally occur 
in the mucous membrane in a soluble inactive, or but slightly active 
form, which can be converted into an active or more active form by 
boiling with hydrochloric acid. The inconsistency of my results makes 
it difficult to formulate any definite conclusion, though we may say that 
they establish definitely the fact that in some cases the mucous mem- 


brane will yield secretin to mere boiling with water, while in other 
cases not a trace of this substance is to be obtained. At present at any 
rate my results tend to support the view, put forward by Bayliss and 


_ Starling, that secretin for the most part exists in the cells of the 


mucous membrane as an insoluble precursor from which it may be “sae | 


the action of various reagents, g., hydrochloric acid. 
II. Eatracts made with some other solvents, 


- Extracts of the mucous membrane made in the cold with 1 pt. lactic 


acid or 1 p.c. butyric acid have no secretory effect. Extracts made with 
taurocholate of soda in the cold gave a definite secretion on injection, 
and the same result was obtained on boiling the mucous membrane with 


fresh ox bile. Glycerine I also found to be a good means of extracting 


secretin. I found moreover that a glycerine maceration of mucous 
membrane that had been kept six days in the cold chamber was very 
much more powerful in its effects than one only three days old. The 
glycerine extract was injected in quantities of 1 ¢,c. diluted with 9 c. c. 


of physiological saline solution. The secretory effect of all these extracts 


is only small when compared with that of ordinary secretin, but it 


is constant. Fleig states that he found and extracts 
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- filtrate with calcium chloride the calcium soap precipitate was thrown 
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III. with 10 5.0. sodium | 
a mortar with 10 p.c. soap solution. In some cases the mixture was 
afterwards boiled. The extracts filtered with extreme difficulty and the 
filtrates had only slight effect. If however the fluid was separated by 
the centrifuge from the solid particles, its injection was found to evoke 
a very marked secretion. The same result was obtained if the macera- 
tion was simply filtered through linen. According to Fleig, if such a 
solution be treated with calcium chloride a precipitate of insoluble 
calcium soap is obtained. In this process the secretin seemed to have 
disappeared since it could not be recovered either from the fluid or from 
the precipitate. In these experiments Fleig worked with a 30 p.c. 
solution of soap. On the other hand, if he took a solution of ordinary 
secretin and added soap to it to a similar concentration, and then 
precipitated with calcium chloride and filtered, the secretin was found to 
be still present in the filtrate. This result led Fleig to regard his 
sapocrinin as essentially different from ordinary secretin. He was led 
to the same conclusion by the fact that whereas secretin is not thrown 
down from its solutions by saturation with ammonium sulphate or with 


sodium chloride, saturation of a soap maceration of the mucous mem 


brane with these salts leads to a total disappearance of the secretory 
effect. I have obtained results similar to those of Fleig but have failed 
to be convinced of the justice of his conclusions. It is so impossible to 
work satisfactorily with the thick slimy mess obtained by grinding up 
mucous membrane in these strong soap solutions, that any results ob- 
tained thereby must be looked upon with grave suspicion. On the other 
hand it is easy to show that a soap extract of mucous membrane contains 
ordinary secretin. A soap maceration of the mucous membrane pre- 


pared in the ordinary way was treated with hydrochloric acid in order 5 


to decompose the soap. The oleic acid was then removed by shaking 
with ether, and the proteins, precipitated by the hydrochloric acid, were 
filtered off. The filtrate was a clear solution which had an e 
strong secretory effect. 

In another series of experiments, in order to render the soap. 
maceration more tractable, an equal volume of absolute alcohol was 
added. A precipitate, probably of proteins, was produced. This could 
be easily filtered off and a clear filtrate obtained, On treating the 
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down in a form in which it could be easily filtered off. The filtrate was 
found to possess all the secretory effects of the ordinary maceration. It 


seemed to me therefore that Fleig’s results are due in all probability to 
a mechanical adsorption of the secretin by the glutinous precipitate of 
calcium soap, or by the proteins mixed therewith, At any rate the 


addition of soap to a protein-free solution of secretin does not seem to 
be an adequate control of experiments made on the sticky mess of cell 
proteins and soap obtained when the mucous membrane is rubbed up or 


boiled with a concentrated solution of soap. 
The same explanation would probably apply to Fleig’s experiments 


in which the soap macerations were precipitated by saturation witb 


ammonium sulphate or sodium chloride. In both cases the proteins 
would be precipitated along with the soaps. At any rate the criteria of 


Fleig are hardly exact enough to justify the — of the existence | 


On the behaviour of secretin to lipoid solvents. 


of Baylin that: secretin is soluble in 
dilute alcohol but not in absolute alcohol suggested that it might be 


possible to extract this substance with other lipoid solvents. I have 
therefore tried the effect of extracts made either in the cold or by 


boiling with various organic solvents, and tested their effect on the 


_ pancreas. The solvents used were acetone, ether, absolute alcohol, and 


in some cases chloroform. The isolated fractions were concentrated to 
a small bulk and a small portion of the extract made into emulsion with 
sodium chloride and injected. Not a trace of secretin was to be found 
in the acetone or in the ether or the absolute alcohol extracts. The 
whole of the secretin must therefore have remained in the mucous 

membrane. As a matter of fact, subsequent extraction of the dried and 
_ powdered mucous membrane with hydrochloric acid, with soap solution, 
or with 70 p.c. alcohol yielded active extracts. On the other hand 
extraction of the dried mucous membrane with water did not yield a 


trace of secretin, showing once again that secretin is not contained in 


| the mucous membrane in the free state. 


Primary treatment of the mucous membrane with ether yielded 0 


extract free from secretin. Primary treatment of the moist mucous 
membrane with ordinary methylated spirit gave an extract which had a 


strong secretory effect. In this respect my results agree with those of 


„ 
** 
; 
G———w—ʒ—ũͤͤüeẽ ́ ivmWVAw dddd — — 1 
7 
PF 
4 
Me 
7 
| 
om 
* 
; 
} 
2 
2 
* 
7 
on 
uA 
* 
a 
* 
* 
* 
— 
* 
| 
a 
74 
7 


* 


SECRETIN. 447 
Fleig On the other hand, Fleig states that “ethylo-crinin can be 
extracted by alcohol from the mucous membrane of the rectum.” I was 
quite unable to confirm this result, which Fleig adduces as one of the 


reasons for differentiating ethylo-crinin from sapocrinin and secretin. — 


NE Attempts to prepare a pure preparation of secretin. 


Seoretin solutions prepared with 0°4 p.c. hydrochloric acid in the 
ordinary way were evaporated on the water bath to dryness. The 
residue thus obtained dissolved almost completely in 70 p.c. alcohol, and 
after filtration yielded a perfectly clear solution which had an extremely 
powerful effect on the pancreas. On adding nine times its bulk of 
ordinary absolute alcohol to this solution a white flocculent precipitate 
is obtained which is completely insoluble in absolute alcohol and ether. 
The precipitate consists partly of sodium chloride but contains also a 
considerable amount of secretin, as may be shown by dissolving it in 
water and injecting it into an animal. The greater part of the secretin 
however is still in solution in the 96 to 97 p.c. alcohol, a concentration 
which is quite incapable of extracting secretin from the dry residue 


obtained after evaporating its solutions. On treating this 96 p.c. alcoholic 


secretin solution with an equal volume of ether, a precipitate is again 
obtained which contains now the greater part of the secretin, though a 
small amount of this substance is still present in the alcoholic ethereal 


filtrate. Perhaps by proceeding in this way, starting with large supplies 


of mucous membrane, it may be possible to approach the problem of 


„„ ae investigation of its 
chemical nature. 


SUMMARY. 


variety of pancreatic secretin. 


2. Secretin, which is a water soluble substance, is occasionally 
present in minute quantities in the intestinal mucous membrane in a 
free condition. 

3. In 
membrane, and in all cases, the greater part, if not all, is present in the 


form of a precursor which is insoluble in water. 


4. From this precursor secretin may be obtained by extraction 
with dilute acids, 70 p.c. alcohol or strong soap solutions. Feebler 


extracts may be made by means of glycerine or bile salts. 
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5. No: secretin: is extracted by acetone, ether or absolute alcohol. 
This fact may be utilised to prepare a dried powdered mucous membrane 


which may be kept permanently, and will serve for the preparation of 


secretin at any time by boiling with dilute acid. 
6. A method is given for the scsi e form 
and of extreme casks 


Bayliss and Starling, This Journal, xxvm. p. 825. 1903. 
(3) Bylina. Arch. f. d. ges. Physiol. oxi. 8,531. 1911. 


_, (8). Fleig. Journ. de Physiol. et de Path. gen. vr. p. 82, p. 50. 1904. Arch. internat, 
de Physiol. 1. p. 287, 1904. 


(4) Gley. Internat. Congress der Physiol. in Wien 1910. Compt. rend. out. 5. 
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against the experiments of 


CONTRIBUTIONS TO THE PHYSIOLOGY OF MARINE 
ORGANISMS. II. THE INFLUENCE OF THE 
CARBON DIOXIDE AND ‘OXYGEN TENSIONS ON 
| e MOVEMENTS. By H. E ROAT. 


Tux results obtained by ene and his co-workers indicate that the 


rhythmical movements of respiration are mainly regulated by the carbon 
dioxide tension in the lungs, which in turn corresponds with the carbon 
dioxide tension of the blood passing through the respiratory centre. 
This influence of carbon dioxide is usually ascribed to the Se 


3 ion concentration of the blood. 


Great diminution in the oxygen tension causes increased respiratory : 
movements. This also is explained by an increase in hydrogen ion 
concentration as the result of acid substances e owing to 


deficient oxidation. 


Mathison has extended these results to the various spinal and bulbar 
centres; he shows that deficiency of oxygen, small increments in carbon 
dioxide tension, and injection of weak organic acids increase the action 
of the centres. He suggests that here again the common factor is an 
increase in the hydrogen ion concentration of the bloodu, 94. 

2 Although it seems extremely likely that the concentration of hydrogen 
ions is the determining factor, no experiments have been made varying the 
hydrogen ion independently of the carbon dioxide tension. Mathison 
states that increase of carbon dioxide tension after injection of acids 
would be corrected when the blood passes through the lungs. It mast 
however be pointed out that any decrease in carbon dioxide carrying 


power, by neutralisation of ‘alkali, would cause a greater rise in carbon 


dioxide tension ſor the production of the same amount of carbon dioxide 
in the tissues, A similar objection has been urged se Tinsdnardes 


PH. XLII. 
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In order to show how it is possible to vary the hydrogen i ion oon- 


centration independently of the carbon dioxide tension it is necessary 


to consider the law of mass action as applied to the first ionic dissocia- 


tion of acid? 
On: x CHO On, oo, (1), 


Walker and Cormack have determined the constant for this 
equation to be 3˙04 * 10D. They deal with the total concentration 


of carbon didxide as it is impossible to make any difference between 
dissolved carbon dioxide and undissdciated carbonic atid. Thus one 


can the erben dioxide tension with the ion concen- 


tration 


By combining (i) end () ges 
Cu+ * CHO carbon dioxide . 


Ik the H OO, ion is increased by the addition of sodium bicarbonate; 


the hydrogen i ion concentration will fall if the carbon dioxide tension 


remains constant; if the. hydrogen i ion concentration remains constant 
the carbon dioxide tension will rise; or finally the hydrogen i ion concen; — 
tration and carbon dioxide tension: will both. un, one rising. as 325 


other falls, 


This paper is an attempt to apply. these to 


rhythmical movements of marine organisms but one must remember 


that variations in the sea-water have been studied we hot ee 


in the blood plasma, 


Carbon dioxide and oxygen.are usually considered not to have the 


same action on fish as on mammals. (Kuiper), Osborne and Muntz@) 
The experiments have been carried out on rock barnacles (Balanus 
balanoides) and a small fish (Cottus scorpius) by counting the rhythmical 


movements of the appendages and gills respectively. Sixty experiments 
were performed with several different samples of barngcles and fifty- 


_ sight with the above mentioned fish. A stop watch was used to observe 


* the time occupied by ten consecutive movements, In each experiment , 


at least five different barnacles were counted and usually five different 
counts were made with the fish. The time taken per movement is thus 


the average of fifty movements. nfortunately no method could be 


devised, at the time of the experiments, to record the amplitude of a 
movements and thus to obtain the total amount of water moved. 


1 1 The constant for the second ionie ‘dissociation is’ 80 —9.—. 
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The animals were kept in a glass vessel closed except for three 
hae one for an inlet tube, a second for an outlet tube and the third 
for a thermometer. Water was run from a reservoir containing normal 
sea-water or sea-water altered in respect to its hydrogen ion, HCO,- ion, 
or oxygen tension. The water issuing from the experimental vessel 
was collected and analysed. The hydrogen ion was determined by 
Sorensen s methoden using phosphate solutions and neutral, red, phenol 
phthalein, and p-amido phenol. The oxygen was determined by 
Winckler's method. The HCO,- ion could not be directly determined 
so the total amount of alkali not combined with strong acid was de- 
termined by titration with N/10 hydrochloric acid in the presence of 
dimethyl- amino - aao benzol n. As the total concentration of bicarbonate 
„ did not vary greatly the ionisation would be approximately the same 
a It is extremely difficult to determine the total carbon dioxide i in 
sea-water and as it was the tension of carbon dioxide that was required 
the tension was calculated by equation (1) assuming that the ionisation 
of the bicarbonate was complete. The results required were comparative 
and therefore it was not deemed necessary to correct for the degree of 
ionisation. If one wishes to consider the ionisation to be 0°8 for instance 
it is only necessary to multiply the figures for carbonic acid by 0°8. 
Further as the carbon dioxide tension is proportional to the concen- 
tration of carbon dioxide the figures are not turned into tensions but 
left. as concentrations of carbonic acid. Thus it is possible to compare 
the rate of the movements with the percentage of oxygen, the concen- 
tration of H“ ions, and the molecular concentration of carbonic acid. 

The temperature of the water was noted during the period of each 
experiment. It will be observed that the temperature differences are 
80 slight that they do not require consideration in the results. 

Tube sea-water was altered, (1) by passing in carbon dioxide ; (2) * 
the addition of sodium bicarbonate; (3) by the addition of sodium 
_ hydrate; (4) by the addition of hydrochloric acid; (5) by rendering 
_ acid, boiling to remove carbon dioxide and then neutralising with sodium 
"hydrate; and (6) oxygen was removed by reducing the pressure by 
means of a water pump. 

The results were not sufficiently decisive to determine the con- 
by mere inspection vo they were correlated by the method 
Spearmanw. 

It is easily seen that the hydrogen ion has 2 marked influence on 
buh the and sh bu 
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TABLE I. 


115 2:2 8 · 8:82 8-204 — 
23 674 
1 2˙8 13-5 668 4810 0988 
105 2˙1 728 5-25 5-504 1056 
1:37 2:25 102 748 490916 1-188 
105 2˙8 79-6 758 4634 1-182 
1:87 28 104 8°28 8-888 1-292 
28 475 O19 1:54 
1:87 10-1 8-28 4-668 1-288 
1°87 2°25 10-1 7°87 4°348 1-264 
1 238 10.4 8446 1-516 
1580 235 1220-0 6-56 4616 1/180 
1°87 9-98. 8°62 3.796 1-856 
1/37 2-25 10-1 589. 8-408 1:216 
1°37 2˙8 10˙4 6-80 4614 1 
1-37 2:3 10°4 8-586 1-086 
1-87 2°25 10-1 8770. 1-582 
1°99: 114 747 8˙19 4066 162 
225 2˙25 16˙7 630 8-216 1-568 
128-0 11 445-0 540 8504 1-492 
1°87 2-2 8-28 8488 2-126 
1790 79 7:58 4-419 1-686 
1°58 2-2 11-4 6-30 4-444 1-504 
1:58 16 89-5 5-25 8-912 5-556 
1°87 22 8-28 
15-4 295 1140 8°19 8°548 1-824 
1°78 2˙2 7˙14 8-968 1-464 
22-7 2-2 164-0 7-22 8-482 
7˙64 8-640 3.856 
1280 824-0 7-88 8°B24 1-270 
2˙25 2˙25 5°47 4-296 1-388 
4°48 1°56 22-9 7-04 4424 > 1870 
115 2˙2 8 78 2˙80 5˙40 
1˙15 88 815 8-19 298 11:80 
2°25 8°58 8-28 3 1-408 
Less than Less than 
0-498 84 5-58 852 3040 2916 
1:15 2°25 8:52 8°62 8152. 1-500 
0-792 2°85 6°14 B52 3˙756 4-082 
1:37 10-1 5-68 4-082 2-214 
8:17 1-65 17:2 590 4°760 8-204 
1-58 6-14 8-446 2-06 
1:87 8-2 640 3˙874 
22-7 1°85 188-0 7-80 4°84 2°148 
118 0°16 8638 7% 
1°37 22 646 8056 8-844 
22 82-5 6-88 ‘4544 1-582 
1°62 23° 122 6-80 6-484 
0-674 0-8 0-665 6-88 3-008 8-40 
1:37 22 9-92 8-28 890 
10˙5 4288 1-664 
1:87 2˙2 764 1-848 
0708 235 588 8-93: 8744: 1:546 
1°87 9-25 10-1 164 4°764 2°40 
722 4-888 8°02 
1°87 225. 11 79 4 
0914 08 0-905 7-04 5-276 2-892 
0-798 8-7 22-8 7-04 2-980 4624 
1°87 2˙8 10-4 8-28 5104 
1°58 0-25 1-30 6-06 4-204 8-688 
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TABLE II. Correlations : | 
Oxygen with rate of movement of barnacles — 72 +017 


H“ ion concentration with rate of movement of barnacles „ Pe BT 
Concentration of carbonic acid with rate of movement of bamacles 17 O19 
Oxygen ‘concentration with rate of gill movements of fish FF 

_ Ht ion concentration with rate of gill movements of fish 5 „ ope $04 


Concentration of carbonic acid with rate of gill movements offish =... r= +025 


Spearman’ 2006. 
+ correlation means that the two variables increase together. 
~ correlation means that as one variable increases the other decreases. : 


; influence is similar to that of carbon dioxide on matnmalian respimation, 


the higher the concentration the more rapid the movement, whilst with. 
the barnacles the movements are slower as the hydrogen ion concen- 
tration is increased. 

The influence of carbonic acid is less than but in the same direction 
as the hydrogen ion. As a rule the hydrogen ion and carbon dioxide 


vary together (r=0°90) but in a few experiments they varied in- 


dependently and the factor of importance shows the greater correlation 


with the rate of movement. Thus one may conclude that the hydrogen 


ion regulated the rate of movement and any influence of the carbonic 
acid (carbon dioxide tension) 1 is due to its influence on the Hydrogen 


ion concentration. 


The correlation of oxygen with the rate of movement is so low that 


no significance can be attached to it. It is possible that the pressure 


of oxygen may influence the rate of movement but no such deduction | 
can be drawn from the figures given here, A double action in which 
a maximum or minimum rate of movement with medium concentrations 
of oxygen and a diminution or increase respectively with very low and 
very high concentrations would not show any correlation over the whole 
range of the experiments. 

A possible effect of the HCO, ion was considered. The correlations 
of HCO,- ion with the rates of movement are somewhat less than those 


of oxygen with the rates of movement. The amount of bicarbonate 
does not appear to have had much influence on rhythmical moments. 


There is one point which must be mentioned, namely that as the 


experiments proceeded the movements of the fish became more sluggish 


(r= 0°65), As none of the other factors showed a similar change with 
the dates of the experiments it is not likely that the results are invalidated 
the behaviour of 
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1 By bicarbonate to it is to alter. 
the hydrogen ‘ ion concentration independently of the carbon dioxide 
tension. 
2, The tates of movements of fish and barnacles are influenced by 
the hydrogen ion concentration of the sea · water but in opposite 
directions, 


3. The influence of erben dioxide ia due to its effect on the 


hydrogen ion concentration. 
4. The oxygen tension aoe not appear 0 exert an influence on 


5 
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a). Kuiper. Auch. f. „ oxvit. p. 1. 1907, VVV 
(2) This Journal, p. 887. 19111. 
(8) Mathison. Ibid. xxz, p. 416. 1910. 
Mathison. Ibid. xum. p. 288. 1911. 


Mathison. Ibid. xia. p. 295, 1011. „„ 


Osborne and Munts. Biochem. Journ. 1906, 
Rost. Report of the Liverpool Marine Bil. p. 27. 1910, 
(8) Sorensen. Biochem, Ztschr. p. 181. 1908. 
(9) Spearman. Brit. Journ. Psychol. 1. p. 80. 
(100 Walker and Cormack. Journ. Chem, Soc, Trans. p. 5. 1900. . 
(11) Winterstein. Zntrlb, k. Physiol. rv. p. 811. 1010. 
‘Brgeb. d. Physiol. m. pp. 90-187. 1010. 
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II. THE SYNTHETIC PROPERTIES | ANTI- 
By W. M. BAYLISS.” 


* 
> 
7. 


4, 


BRITZEE N euberg in 1906 published an ‘scovant of an 


ment in which it was found that the serum of a rabbit, which had been 


immunized by the repeated injection of emulsin, was able to form lactose 
from glucose and galactose, when allowed to act upon a mixture of these 
bodies for some ten days or so. Although some doubt was thrown by 
Coca upon this interpretation of the results of their experiment, 
Beitzke and Ne uberg) replied to the criticism, the synthetic action of 


anti-emulsin has been accepted by several investigators (Hildebrandt, 


Euler, Medwedew and Hämäläinen) and certain phenomena ob- 
served in their experiments explained on this basis. Euler has ‘gone 
eo far as to propound a theory according to which anti-enzymes in 


3 acting as true antigens, are synthetic catalysts, the original enzymes 


themselves being assumed to possess the power of hydrolysis only. It 
is to be noted that Beitzke and Neuberg themselves make no claim 
to generality as regards their discovery and in point of fact found that 
anti-lipase had no synthetic activity. Now, if the view be accepted 
that anti-enzymes are synthetic agents in relation to the substances 
produced by their antigens, acting merely hydrolytically, the doctrine 
of enzyme activity and also that of immunity will be thrown into 
complete confusion.’ All the knowledge we possess as to the nature of 
the action of enzymes shows that. they belong to the class of catalytic 
agents, that is, bodies which accelerate reactions without undergoing 


tof references atthe ed ofthe paper. 
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these are merely temporary associations, so that the catalyst appears . 


unchanged in the final products of the reaction. The important fact to 
be borne in mind is that the various reactions catalyzed by enzymes are 


reversible, or balanced, reactions, the position of equilibrium being 
defined by the relative rates of two opposing reactions. A possible 


exception to this rule may be those cases in which oxidations or reduc- 
tions are brought about through the agency of enzymes. In such cases 


of reversible reactions, unless the catalyst adds or subtracts energy, the 


position of equilibrium is unchanged. by the presence of a catalyst. 


This being so, if one of the two opposing reactions is accelerated, it 
follows of necessity that the opposite one is equally accelerated, since 
the position of equilibrium depends on the relative velocities of these 


two reactions. We see, then, that if enzymes are catalysts, and there is 
no other way of explaining their action, the existence of synthetic 
enzymes which do not hydrolyse, under appropriate. conditions of course, 


is an impossibility. Equally impossible is it that hydrolyzing enzymes 


should be incapable of synthetic activity. ‘There is no evidence that 


enzymes, any more than inorganic catalysts, supply energy to the 


reactions in question; in any case, it is too small in amount to change 
the position of equilibrium to more than a very minute degree’. 
As regards the theory of immunity, it is well known that antibodies 


do not exert their action by the actual performance of actions of an 


Opposite nature to those performed by their antigens’, but merely 


paralyse in some way the activity of these latter. It is not consistent 
then with the nature of an anti-emulsin that it should antagonize the 5 


bydrolytie action of its antigen on lactose by producing lactose again 
from the products of its hydrolysis. 


For these reasons it seemed to me a matter of considerable impor- 
tancé to repeat the experiment of Beitzke and Neuberg in order 
to ascertain whether it was capable of an explanation more consistent 


with the knowledge we possess as to the nature of anya action and of 
immunity than that given by the authors. 

Their experiment consisted, briefly, in this. A rabbit was ‘iminanised 
by repeated injections of emulsin. The globulin fraction of the serum, 


supposed to contain the antibodies produced, was separated and allowed ) 


to act on a mixture of glucose and galactose. After ten to twelve days, 


the ‘rotatory power of the mixture had diminished to 4 W 5 


dee Van t Hoff. 
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aud a could be prepared from it, 


melting point and the nitrogen content of lactosarone. 
In my experiments, four rabbits were used. These received i intra- 


pPeritoneal injections, each of 5 0 of 5% emulsin in toluene water, at 


intervals of six days for seven or eight weeks. The emulsin was very 
active in hydrolyzing lactose. Eight days after the last injection, the 


rabbits were bled, under ether anesthesia, and the serum collected 


in the usual way. ‘The rabbits were not made in any way unwell 
by the injections; being fed well, they gained weight. 

The first experiments were made with the globulin: which was pre- : 
cipitated between one quarter and one half saturation with ammonium 
sulphate, since this is the fraction, according to Pick, which contains 
diphtheria antitoxin, Later investigators, however, do not agree in this, 


finding that antitoxins do not always come down in this fraction, 


the actual concentration of the globulin itself playing a part, as would 
be expected from its colloidal nature. The globulin precipitate ob- 
tained as above was filtered off and dialysed for three days with frequent 


changes of water, toluene being added to prevent growth of bacteria. 
: 100 c.c. of solution were finally obtained in one case, for example, 


representing $8 c.c. of serum. The synthetic properties of this solution 
were tested on a mixture of glucose and galactose as follows. In 18 ce. 
were dissolved 4°5 grams each of glucose and galactose obtained from 


Kahlbaum. This solution, with the addition of toluene, was placed in 
the incubator room at 37° C. for times varying in different experiments 
from ten days to four weeks. Since the specific rotatory power of 


lactose is not greatly lower than that of a mixture of equal parts of 
glucose and galactose, viz. 54°52 as against 4 (52° + 80°16) = 66°08, 
it seemed to me that it would be better to determine the copper 
reducing power. This was done by Bertrand’s method, which I found 
very accurate and convenient. The proteins were first thrown out 
by ‘mercuric nitrate according to the method of Patein and Dufau, 


the excess of mercury removed by caustic soda and sulphuretted 


hydrogen in an aliquot part of the filtrate and the sulphuretted 
hydrogen by careful addition of copper sulphate in slight. excess and | 
filtration. 

pe nearly the whale of these experiments I was unable to e any 
change in the copper reducing values, In one or two, however, there 
was a reduction from an original value of 32 % to 28-29°/,. This was 
not due to the synthesis of a disaccharide because heating with 
hydrochloric acid, in concentration about normal, in a closed flask on 
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the water bath, even if e tks hours; did not increase 
it. It was therefore due to actual destruction of sugar, probably’ by 
bacterial action, since, according to Maclean, there is nb evidence 

All the experiments made in the course’ of thid ale, 0 the 
exception of a few at the beginning, were made by sealing ‘the’ réacting 


mixture in n series of test-tubes, each containing the quantity required 


for a single estimation. Toluene was added to ench before sealing and 


the tubes were laid flat in the incubator, so that the atitiseptie was in 


maximum contact with the solution.’ In this Way, besides ensuring the 


absence of subsequent infection, evaporation was excluded.’ In certain 
experiments to be referred to later in which hydroquinone was present, 
the tubes were filled with carbon dioxide before sealing, in order to 


prevent oxidation. After the required time of action, the tubes were 
cracked across and their contents rinsed! into a w _ to a 
volume. 


In the experiment of Beitzke and ath beng: we find that, in 20 | 


23 a diminution of rotation to one half of the initial value was found. 


Now, by the formation of lactose, even if the whole of the glucose and 


galactose present had been synthesized, at the most a diminution from 
66°08 to 54°52, or 17°5 instead of 50% could have been observed. 
It is evident, therefore, that some other process leading to a destruction 


of sugar had taken place in the experiment of Beitzke and Neuberg. 
It is unfortunate that the control by 8 of the apps 


e was not performed by them. 
Fiailing, then, to obtain any synthesis from “thie globulin’ fraction, 


1 performed similar experiments with the albumin fraction obtained by 


saturation with ammonium sulphate of the filtrate from the globulin 


precipitate, and also with the whole serum. Cathcart found the 
antitryptic action of serum to be associated with the albumin fraction. é 


| 1 could obtain no evidencé of synthesis from either of these. 


‘Finally, a fresh portion of serum, 34 c.c., was taken, dissolving in 1 


| e eee in Which the solution was 
placed. After three weeks in the incubator, an attempt was made to 


prepare an osazone in the manner described by Beitzke and Neuberg. 


The protein was precipitated by slightly acidulating and boiling. After 
filtration, phenylhydrazin and ‘acetic ‘acid were added to the filtrate, 
the whole being then heated on the water bath for three hours. It was 


then filtered through a steath-jatkéted funnel. inthe oold 
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ENSYME ACTION. 


store, a deposit was formed. This was filtered off, redissolved in a small 
quantity of hot water and filtered at 70°C. On cooling, a small amount 
of a dark brown deposit was formed. This was filtered off, but was too 
small in quantity to determine either the melting point or the nitrogen 
content, although the amount of sugar present in the original solution 
was 17 grams. Under the microscope, this precipitate was found to 
consist for the most part of granular débris with a few prismatic 
pin totally unlike lactosazone or indeed any other known osazone. 
pierce repeating this experiment but making use of normal serum, 
ntly obtained an osazone having the properties described by 
2e and Neuberg. He attributes its source to impurities in the 
glucose and galactose taken. In answer to this objection, Beitzke and 
Neuberg admit the possibility, even if Kahlbaum's pure prepara-: 


tions are used; but state that their sugars were six times recrystallized 85 


from alechol. The Kahlbaum sugars in my experiment, even acted on 
by immune serum, gave no such osazone. It is readily to be under 
stood that galactose is apt to contain lactose. 

The majority of cases of synthesis by enzymes hitherto 3 
have been found to occur in systems in which the water content was 


reduced as far as possible, in addition to making the substrate concen- 


tration as high as possible. It seemed to be doubtful whether the 
sugar solution in the above experiments was sufficiently strong to enable 
obvious synthesis to be detected. I made two experiments on this 
point, in order to see whether emulsin itself would have any synthetic 
action under the conditions in question. These were made precisely as 
the previous ones, except that emulsin in 1% solution was used in place 
of antiserum. After three weeks there was a very slight diminution’ 
in the copper reducing power of the solutions, as compared with their 
original values, from 31 /¾ as glucose to 29°/;. On hydrolysis this was 
brought back to its previous figure. Although small, this appears to be 
a genuine synthesis, although quite to that found 
by Beitzke and Neuberg. 
The question naturally arises as to the actual presence of a true anti- 
| dd in the blood of rabbits which have received injections of emulsin, 
In the first place, if a clear filtered solution of the same emulsin as that 
used for injection be added to the serum from the immunized animal, 
a precipitate is formed. This phenomenon is absent when normal blood 
is used, A preeipitin for some constituent of the emulsin is therefore 
produced. This fact was noted also by Coca, In the second place, 
if immune serum be added to either lactose, arbutin or amygdalin, 
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460 . M. BAYLISS, 
together with emulsin, the hydrolysis is diminished or abolished. These 


facts at first sight look like the production of a true antibody and were 
regarded in this light by Beitzke and Neuberg. But, when normal 


serum is used, the same inhibition of action of emulsin is found to 
occur and is, as far as can be made out, of the same degree. In the 
experiments which I made, the serum was not tested during the 


progress of the immunization, but only at the end, when the animals 


were killed. Coca, on the other hand, took samples at intervals 
during immunization and found in no case an effect greater than that 
of normal serum. The cause of this effect will be obvious from the 


following experiment. As shown by Vulquin, the optimal reaction for 
emulsin is 0°2 to 0°6 x 10 in H' ion concentration. This is given by a 
solution consisting of m of its volume of a 01 molar KH, PO. and 
Py of 0˙1 molar K,HPO,. A solution was made, therefore, of such a 
strength that adding 3 ac. of it to 12 c.c. of a reacting enzyme mixture 


the required degree of acidity was obtained. The solution so made is 


called in future experiments, “acid phosphate solution.” The lactose 


solution had a copper reducing value equivalent to that of a 585% 


glucose solution. So that, if completely hydrolyzed, the value would 
rise to 828 %, 75 parts of lactose being equal in reducing power to ” 
parts of glucose. The following mixtures were then made: : 


4. Serum, 5 ¢.c.—lactose sol. 5-¢.c,—acid phosphate, 8 c.c.—6 0% em 10. 


B. Serum, 5 0.6. —lactose sol. 5 c.c.—water,. 8 ¢.c.—5 % emulsin, 2 0. o. 
C. Water, 5 .c.—Inctose sol. 5 ¢.¢.—-acid phosphate, 8 0.6. — %) emulsin, 20.0. 
D. Water, 5 ¢.c,—lactose sol. 5 0.c.—water, 3 c.c,—5 % emulsin, 2 0. 0. 


These were kept at 87° C. for 44 hours, when the following coper sedating 


W expressed in percentages of glucose :— 
4. ½ implying of 70%) of the 


B. 6°37 5 ” 15 "le 


These results received a complete explanation when the n to 


litmus paper of the various solutions was tested at the end. Thus, A 


was very faintly acid, practically neutral. B was elightly alkaline. 0 
was distinctly acid. D was neutral. 


It is clear that the activity of the enzyme was in direct relation to 
the H- ion concentration of the solutions. The only one showing a 


marked retardation was that made alkaline by the serum. The addition 


of the acid phosphate to A a 
accordingly, the: ee was identical, although A contained. cml 
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In O the acidity was about optimal. The et agreement of A and » 
was probably accidental. 

In another experiment, in which no ead phosphate was added, a ih 
effect was noted in the mixture containing anti-serum, but that this 
diminution was due to electrolyte and not to specific antibody was 
shown by the fact that the effect was the same when the anti-serum was 
boiled before addition of the enzyme. 

If the globulin fraction was used, in place of the whole serum, no 
diminution of hydrolysis was observed, on the contrary, a slight. increase. 
This may have been due to some electrolyte in the protein solution, left 
on dialysis, since the same result was obtained when the solution was 

boiled. 

Similarly, the albumin fraction had no retarding action. 

As pointed out previously, emulsin itself had very little 8 
activity under the conditions of the experiments on the synthetic action 
of the immune serum, probably because the proportion of water present 
was too great. I thought it of interest to compare the action of this 
serum with that of emulsin itself under conditions in which this enzyme 
has marked synthetic power. These conditions I found to be present 
if a solution of glucose and hydroquinone in glycerol of 60 to 70°/, was 
acted upon by emulsin for one or more weeks. The function of the 
glycerol is to reduce the water percentage. Hydroquinone is readily 
soluble in glycerol to the extent of 15 7. and this solution, when mixed 
with its own volume of 20% glucose in 50% glycerol and 5% of dry 
emulsin added, gave, immediately after mixing, a polarimetric reading 
of + 2°3, when diluted five times. After remaining for four weeks at 
37 C. the rotation was reduced to + 0°49. That this change was due 
to the synthesis of lvo-rotatory glucoside, arbutin“, was shown by the 
fact that heating with acid on the water bath brought back the rotation 
to +2°02. It appears, however, that there had been some destruction 
of glucose, probably by oxidation, accelerated by the presence of 
5 hydroquinone, The same reconversion to the bodies from which it was 
formed is effected by subjecting the synthetic product after dilution to 
the action of the same emulsin which synthesized it. ; 

Arbutin obtained from Kahlbaum gave a.[a]p of — 64°, so that the 
degree of synthesis obtained above amounted to about 32% B 5 
The following will serve as a typical experiment in which the action 


te also sila te, however, by wo that 


its presence does not affect the conclusions drawn. 
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402 M. BAYLISS. 


of the globulin prepared Som the serum of rabbits . — 
emulsin was compared with that of the ousym¢ | 


sets of tabes were prepared as follows: — 


Equal parts of an choose tn of 
‘‘anti-globulin ” (as used in previous experiments). 
5. 4, bot in water in plac of elution of ‘ant 
globulin.” 
As B, but with emulsin as C. 


— 


A. (“anti”) 2-20 9-22 
B. (no addition) V 
(*anti®+emulsin) 225 0°72 
D. (omulsin alone 0066 


Wpen hydrolysed by acid, both O and D returned to 2°24. The 
only tubes in which any synthesis had occurred were those containing 
emulsin. C, which had globulin in addition to the enzyme, showed a 
slightly greater effect, although the globulin alone had no effect of * 
kind. The degree of eynthesis was about 29 %, 

When the whole immune-serum was used, instead of its globulin 
traction, no change was observed in the rotation after a period of four 
weeks, unless emulsin was present in addition. The serum, however, 
as we have seen, retards the hydrolysis of arbutin by emulsin, as it does 
that of lactose, and, presumably, in the same manner, i. a a the 


0% arbutin 10 0.0. 
Water Be „ 10 
5 0% emulsin . ons 2 0.0. 


whereas, if 10 of serum were 


According to the general theory of catelysia, it is not: probable thet 
8 a slight difference in H’ ion concentration would appreciably affect the 
position of equilibrium in a reversible reaction. Hence, if serum retards 
the hydrolytic reaction, it must also retard the synthetic reaction, since 
the equilibrium. point is given: by the ratio of the two. The following 
experiment shows that such is the case:—A solution consisting of 
10 parts of 15°/, hydroquinone in glycerol, 10 parts of 20°/, glucose in 
water and ae — solution gave after | 
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four-weeks a rotation reduced from 2°-3 to Oe ö, ie. a synthesis of 29 */,, 
A similar preparation with glucose dissolved in anti- serum, instead of in 
water, showed a reduction from 1°82 to 1°22 only. The change in 
this case is O6. The initial value must be taken as the same as the 
other experiment for the purpose of calculating the percentage change, 
since the amount of glucose was identical and the lower initial rotation 
was due to the levo-rotatory serum proteins, which would not undergo 
any change. The synthesis therefore only amounted to 11'2°/,, but the 
exact value is perhaps a little uncertain. In another experiment, 4 
somewhat greater synthesis was obtained in the same time in ‘presence 


of serum, viz. 19%. This means simply that the equilibrium point was 


more nearly reached in the second case; the final change would be the 


same with and without serum, the time ee | 


affected. 
| A few words are necessary with respect to the bearing of thé 


experiments described in this paper on the general question “ 5 


nature of, “ anti- enzymes. 

If we define an antibody as a substance produced by the injection of 
some other substance (its antigen) and acting specifically as an anta- 
gonist to its own antigen and to no other substance, we see that there 

is no evidence of such a body being produced by the injection of enjulsin. 
Since enzymes are as a rule very-sensitive to the presence of electrolytes 
(especially H' ion) it seems likely that many of the anti- enzymes stated 


to be present in normal serum or produced by the injection of enzymes 


are merely the expression of the effect of serum on ‘the acidity or 


alkalinity of the reacting systems in question. In other cases, such © 


as those of ‘antipepsin and antitrypsin, it appears that the action of 
serum is due to adsorption of enzyme by colloidal bodies therein 
(Hedin). This effect f is called “ — by some observers V. W. 
Hamburger 
Where serum „ shows “ anti ” effects as regards a particular 
enzyme, it is clearly a matter of much difficulty to detect with certainty 
whether these effects are increased by injection of the enzyme, on 
account of the natural variations in the degree of these effects, which 
variations, as Dr Hopkins informs me, are found to be considerable. 
Hildebrandto was the first, as far as I can ascertain, to affirm 


definitely the experimental production of a specific antibody by injection 


of emulsin. The evidence is, partly, the inhibition by the serum of the 


action of emulsin on glucosides, an effect. which we have seen to bs 


due to the diminution of acid reaction ; partly, the fact that emulsin in 
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normal rabbits produces irritation at the place of injection, whereas 8 
does not do so in rabbits previously immunized. This irritative effect 
was absent in my experiments and must, therefore, have been the result 
of the presence of other substances than emulsin in the contents of the 
__ syringe, perhaps some protein impurity, to which an antibody would, of 
course, be formed. The remaining evidence consists in a complicated 
experiment with phloridzin. A dog, immunized against emulsin, 


received a given dose of this drug and during the next 24 hours 


excreted 15 grams of sugar. Another similiar dog, not immunized, 
gave out 28 grams of sugar. In a later paper@ the result of this 
experiment is interpreted, on the lines of Beitzke and Neuberg's work, 
as being due to the increased synthesis of phloretin with glucose, 
forming phloridzin, phloretin itself being the active substance. This 
synthesis is supposed to be effected by the agency of anti-emulsin. 


The difficulty of drawing conclusions from experiments of this 


nature will be evident. I need only call attention to the impossibility 
of knowing whether both dogs had an equal store of glycogen to draw 

A similar line of argument is taken by Himalainen and Sj Setrém | 
as regards the excretion of borneol-glycuronic acid, but in this latter 
case it appears that emulsin was injected only ten minutes before the 
formyl-acetate or similar compound (p. 114 of their paper). In the 
same way Hildebrandt administered the same dose of Thymotin- 
piperidid” to two rabbits, one of which had received one gram of 


emulsin subcutaneously ten minutes previously. The normal rabbit 


died in an hour, that with emulsin was found dead the next morning. 
This retardation is explained as being due to synthesis of the poison 
with glycuronic acid by means of anti-emulsin. It appears to me, on 
the oontrary, that if the results of the above experiment have any — 
connection at all with the injection of emulsin, synthesis by the 
enzyme itself is suggested; it is surely improbable that much we | 
emulsin should have been produced in an hour or so. , 

The body most nearly akin to a true antibody seems to be that 
contained in intestinal worms described by Weinland and investigated 
by Hamill. The latter found, however, that the active substance is 
soluble in alcohol and thermostable, This behaviour militates against 
its being classed as a genuine antibody in Ehrlich’s sense. The fact, 
also, that its antitryptic action is not permanent and that a mixture of 
trypsin with it, in the end, shows as much change as one without it, as 
found by Dastre and confirmed by myself, shows that its action is 
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ENZYME ACTION. — 


merely to slow the action of the enzyme, in a way similar to that of 
such an influence as change of acidity, for example. 

The production, by injection of emulsin, of a precipitin which is 506 . 
an antibody to the enzyme itself, a fact in which my experiments 
confirm those of Coca, shows that the enzyme does not behave as an 
antigen. Although recent work (ag. Kurt Meyer, Ford, Caulfield) 

a shows that not only proteins but also certain lipoids, and perhaps complex 
ae glucosides, can act as antigens and suggests that the power of acting as 
a. such depends rather on their colloidal state, associated with considerable 
chemical complexity, it is none the less true that foreign proteins do 
produce antibodies: If this is so, we must deny protein nature to 
pe emulsin. In fact, many recent observations show that enzymes, like 
inorganic catalysts, may be of very various chemical nature ; in certain 
a 2 cases the active substance itself seems to be of simple 9 structure | 
= but associated with a more or less complex colloidal body. | 
4 The general conclusion to be drawn from the experiments described 
in the previous. pages is that there is no basis for the hypothesis that 
anti-enzymes act as synthetic catalysts. It is to be noted that Beitzke 
and Neuberg themselves in their second paper suggest an alternative 
explanation for their results on the basis of the separation by Rosen- 
thaler of emulsin into two distinct enzymes, one only hydrolytic, the 
other only synthetic. It is assumed that the hydrolytic enzyme alone 
forms an antibody, while the synthetic component, not doing so, is left 
active to effect the synthesis of lactose. The experimental grounds for 
Rosenthaler’s conclusions are at present e and will, I 


~ 


Summary. 

The intraperitoneal injection of emulsin does not give rise to the : 
production of any true anti-enzyme, although ges for the proteins 
contained in the solution are produced. 

The inhibitory action of such immune serum on the action of 
emulsin in vitro is no greater than that of normal serum, as was also 
found by Coca, and is merely due to diminution of the optimal 
acidity. | 


of Ensyme Action, aud Ed. pp. 8, 
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Emulsin, on the other hand, will ‘synthesize lactose and si the 


glucoside of glycerol. 


This synthesis by the enzyme is retarded by the presence of ecttim, 


: pre owing to diminution of acid reaction. 


Incidentally it is shown that emulsin is not of protein nature. 


5 (The expenses of the research were defrayed by a grant from the Royal Society.) 
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on THE RELATIONS TO ELECTROLYTES OF THE | 
HEARTS OF DIFFERENT SPECIES OF ANIMALS’. 
I. ELASMOBRANCHS AND PECTEN. By GEORGE 
RALPH MINES, Fellow of Sidney Sussex College, Cambridge. 


(From the andthe Laboratory 


CONTENTS. 

elasmobranch heart 

Hydrogen ion concentration of the plasmata of elasmobrenchs 
Experiments on the heart of Pecten ‘ 

General remarks on the stion of fons on the heart 
‘Summary . . 


value of comparison of the action of related chemical substances on a 
tissue as a means of getting information as to how these substances 
exert their action on the tissue, and through this of learning more 
about the mechanism of the tissue itself u, 32, 9. 
The object of the present paper is to describe some experiments 
‘which illustrate a complementary method of attacking the same 
problem: the comparison of the action of the same substances on 
similar tissues taken from different species of animals. The interest of 
the results obtained by this second comparative method is not confined — 
to the light thrown by them on the problem which led to the ex- 
| periments undertaken. They indicate a line of work which will be 
14 preliminary account of part of this work was given to the Physiological Society 
Association, . p. 171. 1911. 


| | | Introduction. In previous communications I have insisted on the 
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followed up for its general biological importance; for it reveals func- 


tional differences between corresponding tissues of different animals 


which would otherwise escape notice and yet which may in certain 


cases serve as clues to genetic affinities. They further suggest a very 


definite way in which differences in the chemical constitution of 


tissues may lead to differences in behaviour. This paper is concerned 


with experiments on hearts, seus on those of elasmobranchs and ote 


the mollusc Pecten. 

It may be recalled that numerous experiments on the action of 
electrolytes on the heart of the frog led to the conclusion that one 
condition essential for its continued functional activity is the main- 
tenance of a certain electric charge on surfaces forming part of the 
‘mechanism of the muscle, this being necessary in order that they may 


possess a particular differential ionic permeability. A full account of 
the work on which this We was based will be found in other 


The electrio charge of a W depends on certain features of the 


solution in contact with it and on the nature of the membrane itself. 


It was shown that with respect to the hydrogen ion and to simple and 


complex trivalent kations, the heart of the frog behaved so as to 


indicate that certain essential surfaces in its mechanism possessed the 


characters of a particular class of emulsoid colloids, to which there is 


independent evidence™ for thinking many of the body proteins belong. 


In the present paper it will be shown that this conception may be 
extended to the hearts of different animals and that certain of the 
differences in the behaviour of different hearts towards electrolytes find } 


in it a simple interpretation. 
_ Methods. A number of experiments made by the ‘commonly 
employed device of suspending strips cut from the auricle and recording 


their behaviour in different solutions show that this method cannot be 


relied upon to give consistent results in cases where one is concerned 


with relatively small changes in the composition of the fluids used. 
Even though a large bulk of solution is used to surround the strip, and 


it is kept stirred by a stream of air, it is difficult to ensure the constant 
renewal of the layer of fluid in immediate contact with the muscle; 


and it is impossible to avoid a certain amount of creasing or folding 


of the strip, reducing the exposed surface to. a different extent in 
different preparations. Moreover, where as is often the case the 
surrounding fluid is intended to remove some substance from the 
muscle tissue, it is obvious that after a short time the fluid surrounding 
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then the change, if it appears, is less 


and of Pecten may be kept beating 
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the: musole will no longer be free from the substance in question and 


thus the concentration gradient will be altered. In work of this kind, 
which is aiming at the quantitative expression of results, it is clearly of 
first importance to know as precisely as may be the composition of the 
solution actually in contact with the muscle. By the perfusion method 
this object is much more closely attained. The heart being gently 
distended presents a maximal surface and this is laved by a constantly 
renewed supply of solution uncontaminated by previous contact with 
the muscle, of the solution that is to say whose composition is known. 
Experiments show repeatedly that changes in the composition of 
the solution, which produce*characteristic modifications of the heart- 
beat in a few seconds when tested by the e eee cause no 
change in the behaviour of suspended 
strips for several minutes —and even 


definite. By perfusing a suitable 
solution the hearts of elasmobranchs 


strongly for many hours. In perfusing 
the cavities of the heart it is of course 
important to avoid changes of pres- 
sure in changing from one solution to : 5 

another, I have found the special Fig. 1. Diagram of perfusion cannula. 
form of cannula shown in Fig. 1 of . 
considerable help in this work. It consists of a small glass bulb — 


into which open five tubes. Of these, three are for connection with 
the Mariotte’s bottles which hold the perfusion fluids, one is drawn 


out with a neck, for insertion into the vein, while the fifth which 
is at right angles to the other four tubes forms a short chimney, 


about 14 cms. in height, rising from the summit of the bulb. In using 


this cannula it is easy to secure, by adjustment of the Mariotte’s flasks, 
that the fluid shall rise just to the top of the vertical tube. It is thus 
arranged that the pressure at which each solution is supplied shall be 
the same. Any accidental rise in pressure, caused for example by 


manipulation of the clips on the connecting tubes, causes over-flow at 


the vertical tube and is not transmitted to the heart. Further, air 
bubbles, which despite precautions are occasionally left in the con- 
necting tubes in setting up the apparatus, arriving at the cannula at 
once rise to the top of the bulb and escape by the chimney, instead of 
entering the heart and spoiling or at least W the experiment. 
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The same form of cannula was used for experiments on elasmobranch 


fishes and on Pecten. 


The chemicals used were, in all cases except where specially 
mentioned, Kahlbaum’s purest. Solutions were prepared at first with 


water redistilled in glass, but it was found that the use of the ordinary 


distilled water of the laboratory (tin condenser) did not affect the 


results, and since large quantities of solutions were needed this water 
was in general used. : 


Solutions were prepared by weighing, except in the case of deli- 
quescent salts (lithium, magnesium, calcium and cerium chlorides). Of 


these the solutions were standardised by titration with silver nitrate. 
As a rule solutions were prepared of concentration M/2. They were 


kept in vessels of Jena glass with rubber stoppers, with the exception 


of the NaCl which was kept in a large glass aspirator. This solution 


was frequently renewed, as it formed the basis of all the perfusion 


fluids, Solutions were oxygenated by bubbling air through them for 


at least five minutes before use. The use of oxygen instead of air did 
not alter the beating of the perfused heart and was tried only occasion- 


ally. 
In work on the heart the hydrogen ion concentration of perfusion 
fluids used is a matter of profound importance. In order to control this 


factor, standard solutions of di-sodium and mono-potassium phosphates — 


were prepared, solutions of a number of indicators including p-nitro- 


phenol, rosolic acid, neutral red, a-naphthol-phthalein, phenol-phthalein 
and thymol-phthalein were made and sets of test-tubes of even bore 

with special racks for colorimetric comparison were procuréd, and where 

practicable these were employed according to the method so admirably 


described by Sörensen u. 


EXPERIMENTS ON ELASMOBRANCH HEARTS. 


“p ion. In experiments on elasmobranchs, the operative 


procedure I have found most convenient is as follows. The central 
nervous system of the fish is destroyed’, The pithing instruments are 


In pithing the spinal cord of an adult male ray the behaviour of the eopulator) 
organs or claspers” affords a striking spectacle. When the region of the cord at about 
the level of the pelvic girdle is reached, these smooth cylindrical bodies open up like fans 
and display their sharp cutting edges. By moving the wire up and down, so as to stimu- 


late mechanically the nerve roots, the phenomenon may be repeated perhaps a dozen | 
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introduced in the mid line of the dorsal surface just behind the level of 
the spiracles. Turning the fish over, the front of the pericardial cavity 
is removed. The upper part of the abdominal cavity is then opened by 
a semi-circular incision convex to the anterior extremity of the animal 
and the resulting flap turned back. With strong scissors the cartilaginous 
bar lying between the pericardial and the abdominal cavities is cut away, 
taking care to avoid injury to the veins which lie beneath it. | 
Moving the liver aside, a ligature is drawn by a curved needle around 
the cardinal sinus on one side, and this is tied. On the opposite side a 
very little dissection enables a ligature to be put round the cardinal vein | 
close to the point where it enters the heart. If both cardinal veins are 
ligatured close to the heart the beat is usually stopped, since it is here 
that the contractions originate. For this reason the vein on one side 
should be ligatured in the abdominal cavity. The cartilaginous and 
muscular tissue at the side is cut away to allow the cannula to rest 
~ horizontally, and the nozzle of the cannula is then introduced into the 
_ cardinal vein. Traction on the vein by the cannula is prevented by 
- tying the latter down to the body of the fish. | 
If it is desired to collect the fluid pumped out of the heart, a cannula 5 
is tied into the median branch of the ventral aorta, and the lateral 
branches are ligatured. In other cases these vessels are cut so 
as to allow free egress to the fluid. The movements of auricles, 
ventricle or both are recorded in the usual way by connecting these 
parts of the heart to levers by fine silk threads and small platinum hooks. 
| Graphic records were taken in most cases on a slowly moving paper. 
During the progress of the work the great importance of frequent and 
careful examination of the heart became clear: without it there is risk 
of misinterpretation of the graphic records. Mere inspection of a graphic 
record on a slowly moving surface does not reveal for example so im- 
portant a condition as reversal of beats, a condition which was not 
infrequently encountered. | 
General. observations on elasmobranch hearts. The elasmobranchs 
experimented on included Raia clavata and Rata blanda, the dog-fish 
Seyllium canicula and the angel-fish or monk-fish Rhina squatina. 
More experiments were made on rays than on either of the other species. 
In some experiments in which large specimens were used, the very 
obvious coronary system gave rise to a doubt as to whether the perfusion 
fluid ought not rather to be circulated through the coronary vessels than 
through the cavities of the heart. A number of experiments directed 
especially to test this point showed that the heart-beat is much more 
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readily affected by change in the fluid perfusing the cavities than by 
similar changes in.the fluid circulating in the coronary system. oe 
Tue arrangement of the coronary vessels shows considerable variation 


in different specimens ; the coronary artery or arteries arising sometimes 
on one side, sometimes on both sides from the gills and running down 
on the front of the aorta to the ventricle. In large specimens where 


the vessel happens to be single it is possible to introduce a fine cannula. 


Fig. 2 is a tracing from one such experiment where the double perfusion 


was carried out. At the beginning of the tracing both cannule con- 


veyed a solution (to be described in a moment) which allowed the activity 


Fig. 2. Raia clavata. Separate perfusion of cardinal vein and coronary artery. Cardinal 
vein perfused with Knowlton’s solution at 4, B, C, D and F; with the same solution 
but containing 026 M Mg at E. Coronary artery perfused with Knowlton’s solution 
at A, C, D, E and F; with the same solution but containing 025M Mg at B. Top 

In this and in all tracings in this paper the time is marked in intervals of 65 secs. 


of the heart to continue regularly for hours. At the signal the solution 


perfusing the coronary artery was changed to one containing an excess 
of magnesium. It is apparent that the effect produced was trivial. The 
second part of the tracing shows the effect of substituting the fluid with 


excess of magnesium in the venous cannula, the coronary artery being | 


still perfused with the normal solution. 

Injection with coloured gelatine shows that the coronary vessels 
are confined to the ventricle. In some cases a circulation through the 
coronary vessels was secured by leaving untied those branches of the 
ventral aorta which supplied the gills from which the coronary vessels 
arose and putting another large branch of the aorta in connection with 


a vertical glass tube, so that the fluid was pumped out against consider- 
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As it was found, however, that the ventricle would continue to beat 
regularly for a long while even though there was no circulation in the 
coronary vessels, provided the fluid perfused by the veins was suitable 
in character, it is probable that the ventricle is not entirely or even 
chiefly dependent on the coronary system for its chemical milieu. 
And as the substances whose influence on the heart we have studied 
exert their most striking effects on the region of the heart where the 
rhythmic contractions originate—in the roots of the great veins and the 
sinus—it is clear that the method of venous perfusion i is best suited to 
our purpose. 

Perfusion of the heart with sea-water stopped the beat at once, and 


: various mixtures of sodium and calcium chlorides which I tried were 


inadequate to maintain the beat for more than a few minutes. It was 
noted that the heart, excised and placed in such solutions or in sea-water, 
would often continue to beat for a considerable time. In the light of 
what follows it will be seen that this indicates, not that the perfusion 
method is in itself hurtful, but that the immersion method is a very 
inadequate way of controlling the immediate chemical environment of 


the heart. For on perfusion of a suitable solution, the heart could be 
kept beating vigorously for at least four hours. 


I am much indebted to Dr F. P. Knowlton for the formula ss a 


solution which he found suitable for the heart of the dog-fish in the 


course of investigations to be published shortly in the American Journal 


f Physiology. I used a slightly modified Knowlton’s solution as the 


point of my experiments; it was prepared as follows: — 


Nadi M/2 40 0% = 99M 
Ko Met 14 = 007 M 
MgCl, Mj2 „„ 006 M 


Water to 1000 c.c. 


a The solution was aerated by a fine glass jet connected with the 
compressed air supply of the laboratory. This solution was found to 
maintain the heart-beat of the various elasmobranchs very efficiently. 


Before discussing the significance of its constituents I shall refer 


briefly to some phenomena observed from time to time in hearts treated 
as described ; not with the suggestion that these phenomena form part 
of the normal behaviour of the heart in the living fish, but because 
their occurrence under any defined conditions is of interest and because 
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delt recogiition’is necessary for the interpretation of facts to be 
presented in the main part of this paper. 


Grouped contractions (Luciani) were observed on several occasions. 
(Fig. 3.) Here the contractions are proceeding from the sinus to 


ventricle in normal sequence, but from time to time the excitations 


: Fig. 8. Raia blanda. Auricleand ventricle separately recorded. Perfused with Knowlton’s 
solution. The concentration of ee 


Fig. 4. Raia clavata. Record of ventricle. Heart perfused with Knowlton’s solution. 


At signal concentration of Mg increased. CV 
tions initiated from bulbus sorte. 


Several anomalous rhythms which were recorded could be traced to 
the tendency on the part of the aortic end of the heart to originate | 


impulses, This was much more marked in these elasmobranch hearts 


under the experimental conditions than in other hearts which I have 


seen. It was revealed when the normal pace-maker of the heart had 
been arrested by a liminal concentration of a salt such as magnesium 


chloride. After a pause a group of contractions would break out, the 


bulbus aorte contracting first, then the ventricle and then the auricle. 
Fig. 4 shows an instance of this. Another case is shown in Fig. 11, 

It is noticeable that when the bulbus aorte originates beats, their 
frequency is often greater than the usual frequency of the sinus beats. 
Sometimes such bulbus contractions would start while the rest of the 


heart was engaged in a series of contractions in normal sequence. In 
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such cases, if the contractions succeeded in getting through to the 
ventricle, there would be an abrupt change in the frequency of the 


ventricle and auricle. Fig. 5 gives an interesting case in the heart of 


Scyllium. The record is from the ventricle and it will be noted that 
the rhythm changes abruptly several times. These changes mark the 
change in point of origin of the beat. The slower beats originated in 
the sinus; the faster beats originated in the bulbus. During this 
period of alternation the heart was in a condition physiologically like 


the heart of the tunicate, where opposite ends of the heart become 


pre-potent alternately, each initiating a group of twenty beats or so. 
The ‘fastest active part sets the time of the whole. In Fig. 5 it will 
be noticed that after a while the bulbus became more continuous in its 


_ activity and set the pace of the heart for a considerable time. 


Fig. 5. anten e Record of ventricle. Heart perfused. Showing alternation 
of beats originating in sinus and in bulbus. 


Fig. 6 shows a case similar, but e by the fact that the 
sinus beats were themselves grouped. The sinus and the bulbus have 
been spoken of as giving rise in various cases to groups of contractions. 
In some instances it was clearly seen that the effect was in reality due 
to a periodic failure of conduction from bulbus to ventricle or from 
sinus to auricle as the case might be. Thus for instance in a case of 
grouped ventricular contractions originating in the bulbus, the bulbus 
gave quite regular contractions, but the ventricle responded to a 
number of these beats and then failed to respond to a number and so 
on. It is possible that this is the usual state of affairs in grouped 


contractions of the type we have been considering, but that the sinus 


or bulbus beats are so slight as to escape detection. The failure of 
conduction is comparable with the condition of heart-block between 
auricles and ventricles or with the artificial block produced in Gaskell's 
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tricle. See text. 


on of auricle and ventricle. Record 


Partial inco-ordinati 
from ventricle, lever affected by auricular movements, 
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Fig. 6. Raia clavata. Record of ven 
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‘beautiful experiment in which the auricle of the tortoise heart is slit 


oy so that only a narrow bridge of tissue connects the two portions. 
The very curious rhythm of Fig. 7 occurred in a case of partial 
e ee of auricle and ventricle; there appear also some 
oscillations of tone which further complicate the tracing. 
Importance of urea in the perfusion fluid. It has been * 


some time’ that the blood of selachians contains a remarkably high 


concentration of urea. Baglioni showed in 1905 that it was necessary 
to add urea to a neutral perfusion fluid in order to maintain the heart- 
beat of these fishes. This conclusion has been confirmed by Knowlton’ 
who found also that it was possible to prepare an alkaline perfusion fluid 
containing dextrose which would keep the heart of the dog-fish beating 
though it contained no urea. For my purpose it was generally im- 
portant to avoid an alkaline solution. I made about a dozen experiments 
on the effects of removal of urea and on its replacement by other 
substances, which confirm the results of Baglioni and of Knowlton. In 
one experiment complete removal of urea from the perfusion fluid 
caused arrest of the heart in about six minutes: the urea restored, 
recovery started in five minutes and was complete in 12 minutes. In 
two experiments reduction of the urea from 2% to 1°/, was followed by 
slowing of the beats, which soon became irregular: there was complete 


recovery on restoring the original concéntration of urea. In one of these 


experiments the output of the heart against a pressure of 12 cms. saline 
solution was measured. The mean of several observations gave these 


results: outflow in 10 secs. with 2% urea = 13 c.c., with 1% urea = 5˙5 c.c. 


That the effect of the removal of urea is in part due to the change 
in osmotic pressure of the fluid is shown by substituting certain other 
non-electrolytes such as cane sugar“ or glucose. When these are sub- 
stituted in equi-molecular proportions for the urea there is no immediate 
falling off of the beat, indeed with cane sugar there was some increase, 
but after a few minutes irregularity sets in and the beats become 


- weakened, to be restored by the return to urea, Irregularity of beats 
resulted also after replacement of half the urea by cane sugar. 


Replacement of the.urea by n or by ethyl alcohol caused prompt 
stoppage of the beats. 
Using “he ‘hypobromite method of estimation could not 


1 For literature see Macallum, Proc. Roy. Soc. B. p. 616, 1010. 

Private communication. 
water. 
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detect any disappearance of urea from the fluid which had been cir- 
culated several times through the heart or in which hearts had been 
left beating for over twenty hours. The relation of these hearts to urea 
offers a fascinating problem which might well be attacked by seeing 
how far substances chemically akin to urea can take its place. The 
presence of pure urea does not disturb the hydrogen ion concentration 
of the perfusion fiuid, and so I ee 
ments to be described. 

The general relations of the elasmobranch heart to electrolytes are 
‘so similar to those of the frog’s heart (except of course in respect to the 
actual concentration with which it is in equilibrium), that it seems 


probable that the existence of this special chemical condition—the ae 


need for the presence of ial bea no very far-reaching difference 
in the cardiac mechanism. ) 
of sodium by W A few experiments on this point 
2 that, as in the frog's heart so in the heart of the ray, lithium is 
unable completely to replace sodium. The substitution of a solution 
containing Li in place of Na led to weakening of the beats, increased 
tone and arrest in systole. It may be re- called in this connection, that 
lithium will replace sodium very perfectly in the skeletal muscle of the 


Importance of calcium and its replacement by strontium. | 
of the 004 M calcium from the perfusion fluid is followed immediately A 
by marked weakening of the heart-beat, and complete arrest in a state 
of rélaxation ensues within one to two minutes. For reasons stated 
elsewhere @ calcium is believed to form some loosely bound compound 
with some constituent of the tissue, this being in equilibrium with Ca in 
the fluid in contact with the cells: The fact that removal of the Ca 
from the perfusion fluid is followed so promptly by a marked functional 
change in the heart indicates that this perfusion fluid comes into prompt 
equilibrium with the layer of fluid immediately in contact with the 


As Ringer o showed in 1883, in the frog’s heart a very perfect 
substitution of calcium by strontium is possible. The perfused ray 
heart, stopped by the removal of calcium, will start beating again and 
continue beating if a concentration of strontium equivalent to the 
calcium removed is added to the fluid. In experiments where the Ca 
and Sr mixtures were perfused alternately the beats while the Sr 
wre. were weeker then with the On” 
may here be quoted. | 


‘ 
2 
— 
= 
* 
= 
* 
* * 
2 
2 
od 
AY 
* 
4 
a 
Il 
* 
* 
| 
aw | 
* 
ing 
* 
x 
. 


: 
* 

— 


5 


2 
8. 
a 


Fil 


simple matter to make any quantitative comparisons between them. 
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Naia clavata. (Small specimen, 


‘Usual operation. 
12.27 Oa mixture perfused. 
Change to Sr mixture. 
Change to Ca mixture. 5 


5°7 
Change to Sr mixture. 
1.5 
45 
4°5 
Beats are slower 2˙8 
Change to Ca mixture, beats quicker at onoe. 
62 
08 
0˙⁰ 
45 this experiment the 1 888 to beat regularly for an hour 
and a half with Sr substituted for Ca, though the beats were less 


frequent and less forcible than when Ca was employed. 
As in the frog’s heart, magnesium is quite unable to replace calcium 


2.48 


in the elasmobranch heart. 


By an oversight, experiments were not carried out on the 3 | 
branch heart with barium. 

Qualitatively, the effect of increasing the concentration of magnesium 
is the same on the elasmobranch hearts as on the frog’s heart. The 
effects of alteration of the hydrogen ion eoncentration and the effects 
of the simple trivalent ions are n the same as on the * 
heart. 


elasmobranch hearts to electrolytes resemble strikingly the relations of 


the frog’s heart to electrolytes and there is therefore reason to think 
that the essential character of the intimate mechanism of these hearts 
is similar. 

content of the Auids required to: maintain 
the heart-beat of the frog and of these fishes is so different, it is not a 
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But comparison of the elasmobranch hearts with one another is 
possible and in fact the hearts are admirably suited to the purpose. 
They are closely alike in structure and are well suited by the same 
“normal” solution. 

Investigation of the action of Mg and of simple trivalent ions on 


the hearts of the ray and dog-fish by quantitative methods brought out | 


certain unexpected differences of considerable interest. 


Action of magnesium. Removal of the small concentration of 


magnesium present in Knowlton’s solution causes a slight increase in 
the rate of the heart-beat with no other modification. Increasing the 
concentration of Mg caused slowing of the beat. These effects were 


Fig. 8. Raia clavata, Effect of various concentrations of Mg. 


first studied in the ray and were found to be of very regular occurrence. ; 


If the concentration was raised above a certain value there was complete 
arrest of the beat, but on removing the excess of magnesium recovery 
soon took place. Fig. 8 is from an experiment on a ray. It will be 


noticed that doubling the ordinary concentration of Mg in the perfusion 


fluid produced very marked slowing, while trebling it caused = 
diastolic arrest. 
The heart of: the dog-fish was found to be much less sensitive to 


magnesium than the heart of the ray, concentrations some six or seven 


or even ten times as great being needed to produce equal effects. Fig. 9 


is from a typical experiment on Scylliwm. Since the effect of Mg on 
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ELECTROLYTES ON THE HEART. 481 
quantitative expression of the difference between the hearts of the two 
species in relation to this kation. 

. A number of tracings similar to those reproduced in part in Figs. 8 
and 9 were treated as follows. The contractions per minute were 


_ counted. The rate during the perfusion with the solution con 
005 M Mg for the two minutes immediately preceding the change of 


Fig. 9. Scyllium canicula. Effect of various concentrations of Mg. 


solution was called 100: the first minute after the change to another 
coneentration of Mg had been made was neglected and the rate during 
the next two minutes was expressed as a percentage of the original rate. 
a The results of a number of experiments on rays and on dog-fish 
a ain in this way are plotted in Fig. 10. The experiments on 
. rays included specimens of Raia clavata and Raia blanda, some large 
and some very small. No difference could be made out between the 
two varieties of rays and the size of the ‘specimens had very little 
influence. If anything the smaller specimens were slightly more 
itive than the larger. But it is obvious that the experiments on 
PH, XLII. | | 32 
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482 6. R. MINES. 
considerable individual differences there could be no confusion between 
the least sensitive ray and the most sensitive dog-fish heart. 

A few experiments made on the heart of the angel-fish, Rhina 
squatina, showed that in its sensitiveness to Mg this heart lies in a 
position intermediate between that of the ray and the dog-fish, but much 
‘nearer the latter than the former. Thus the values for concentration of 
Mg 025 M, 05 M and 075 M were 50, 82 and 25 respectively. More 
numerous experiments are to define the elation 


1225 
Fb 


⁵ñ 
22 


.05M 
Concentration of Magnesium. | 
1 Described in text. The dots represent observations on rays, the 7 


Seilen canicula and Rhina squatina belong to different families of 
the same sub-order, while rays to a of 

Bee Bridge, Cambridge Natural History. 
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_ ELECTROLYTES ON THE HEART. 483 


Rhine squatina, the angel-fish, monk-fish or angel-shark, is more 
ray-like than shark-like in its habits, but is intermediate between rays 
and sharks in its éxternal and internal structure. 

The facts suggest that the method I have outlined may be of value 
in tracing out phylo-genetic relations. I propose to return to this 


an 
Before considering the interpretation of the action of magnesium 
the effect on them of certain 
trivalent ions, 

Acton of trivalent kations. The heart of the ray under the 
conditions described proved fully as sensitive to the simple trivalent 


kations of the rare earths in neutral solution as did the heart of the 


* 11. Small ray. Heart perfused with Knowlton’s solution. At first signal 
Nd 00001 M. At second signal Knowlton’s solution. Interval of six minutes 


between the two parts of the tracing. 


12. Raia clavata. Heart perfused with Knowlton’s solution without Mg. 
Effect of Ce 000002 M in same solution. 


frog. Fig 111 is a typical instance of the action of a solution containing 
00001 M of a trivalent rare earth in this case neodymium’. The short 


application indicated by the signal line sufficed to keep the auricle at 
re for a long time. The tracing again illustrates a phenomenon to 


A pure specimen kindly given to me by Prot 


New Hampstead College, U.S.A. 
32—2 


subject after the completion of experiments on other groups of : 


‘ 
~ 
— a. 
aa 
ta 
- 
og 
“a 
MM 
*J 
2 
; 
‘ 
wo 
= 
* 
2 * 
2 
a 
* 
2 
2 
* 
— 
+ ) 
+ — 
] . 
. 
20 
— 
2 
} 
¥ 
. 
ag 
4 * 
4 
F. 
z 2 
5 
ing 
8 
* 
? 
4 
— * 
85 
* 
if 
. 
* 


which reference was made in an earlier section of this: paper: The 

outburst of contractions which interrupts the diastolio quiescence of 

the ventricle originated in the bulbus aortm. In this case they did not 

get through to the auricle. I have’ seen the beat stopped by a con- 

centration of 000001 M. The effect on the rate is uncertain; some- 

times there is marked slowing, in other cases the arrest occurs 

without previous alteration in frequency. Fig. 12 gives an instance 

where well-marked slowing precedes arrest. The results of e 

on six specimens may be summarised as follows. Bic 
Hearts of Raia clavata. — 

10% Bests out down enormously, 


| Nd 00001 M Arrest in 4 or 5 beats. 


Arrest in leas than 2’. 
De 200002 Arrest in lens than 1. 
Bepestel with same result. 

6. Ce 000002 M Rate reduced to 55 °/,. 3 i 


We may regard ‘000001 M as about the liminal 1 in ag 
which the simple trivalent ion produces a marked effect on the ray 1 
heart within a few minutes. To produce arrest within a few minutes : 
00001 M is as a rule amply sufficient. | 


The hearts of Scyllium and Rhina are considerably less sensitive to 


these ions than is the heart of the ray as the following ox sigesal 2 
sbow. 


Seyllium 1. 0001 M 
, t Rate reduced to 20 0% in 2’, Arrest in 44’. ae 
00006 M Rate rednoed to 88% in 2’. No redustion in 
| size of beat in 5’. 
| | Nd -00005 M Rate reduced to 90 % in 7. Size of beat mee. 
Rhina 1. Nd -00001 M No slowing in 3’. . | oat 
NaOOOLM Arrest in 23’ (Fig. 10. 
Nad 000% M Arrest in 
Nd 000025 M Arrest in 1’, 


The last experiment shows. the increased 
which appears on repeated treatment with the trivalent kation. In = 
this respect as in many others the effects of the trivalent ions on these 2 
elasmobranch hearts closely parallel their effects on the frog’s heart. 
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ELECTROLYTES ON THE HEART 486 
4 I have not found the alteration in rate of the frog’s heart (except 


where this is the obvious result of “missed beats ) 80 marked a feature 
of their action as in the case of the fish hearts, The tendency of the 
effect of the rare earth to persist during perfusion of a solution free 
from it, also the prompt removal of the effect of the rare earth by the 
addition to the perfusion fluid of a small amount of alkali (chat is to 


say by the reduction of the hydrogen ion concentration of the solution), 
is clearly shown. 


18. Seytitum canieula, Effect of Na 6001 


Fig. 14. Rhina squatina. Effect of Na -0001 M. 


Another point to which I called attention in describing the action 
of simple trivalent ions on the frog’s heart and which I have en- 
countered in these experiments is illustrated by Fig. 15. After the 

heart had been acted on by a relatively high concentration of simple 
trivalent ions and the beat restored by means of a slightly alkaline 
solution, if the alkali is removed from the solution after a short time 
it not infrequently happens that the heart-beat falls off again. very 
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en an the solution perfusion is one which before main- 


tained the heart - beat perfectly. It appears as though the alkali does 
not immediately remove the effects which the rare earth has produced, 
though it masks them; to obliterate the effects altogether a more 
prolonged treatment or a more decidedly alkaline solution is required. 


Tzu significance of this point will be dealt with in a future communica- _ 


tion. 


Fig. 15. Rhina squatina. Deseribed in text. 


Action of luteo-cobalt chloride. The complex trivalent ion [Co(NH,)}* 
is much less active than the simple trivalent ions we have considered in 


affecting the hearts of the elasmobranchs. The experiments showed 3 


considerable divergence among themselves as will be seen from om 
following. 


Ray hearts Cone, of [00 Cly Effect 
No. 1 0001 M Rate reduced to 77 0% in T. 
00% Ratereduced to52%in2. (Pig. 16. 
to 88%, during 2nd minute: perfusi 
No. 0%, M Arrest in 9’. 
0001 W Very gradual slowing, then niissed beats 
No. 4 90006 M Rate reduced to 66 0% in 2’. | 
0008 M Amate reduced to 78 0% in 2’. 


Some experiments’ in which a solution of the ealt which had been 


standing for some weeks during the hot weather was used are not 


ineluded, since it was found that the substance had undergone partial 


decomposition, with liberation of ammonia 
ofthe Cy. of the solution. 5 
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ELECTROLYTES ON THE HEART. 487 


The irregularity of these results forbids any numerical deduction 
fom them, but they suggest that the ray heart is more sensitive . 
he ‘frog heart to the complex trivalent ion in question. | 


“Wig. 16.” Reta clavate of luteo-cobalt chloride -0001 u. 


evmenetirion OF THE ACTION OF. POLYVALENT KATIONS ON THE 
‘-ELASMOBRANCH HEART. | 


We seen the elasmobranch are affected by the 


_ simple trivalent kations quite in the same way as the frog’s heart: the 


hypothesis advanced to explain the action of these ions on the frog's 
heart, which was supported by much experimental evidence, may there- 
fore be applied without modification to the present case. To re-state 
this hypothesis in a few words: Some essential part of the excitatory 
or contractile mechanism of the heart involves certain surfaces or 


membranes whose differential ionic permeability must be kept near a 


particular value. Since, other things being equal, the ionic permeability 
of a membrane depends upon its electric charge, the electric charge of 
these surfaces must be kept at or near a particular value. 

As the result of experiments by a variety of methods on many 


different substances, it is found that the electric charge of a surface in 


contact with an aqueous solution depends on the nature of the surface 
itself and on the ions present in the solution in contact with it. . 
What:ver the nature of the surface, any positive ion tends to render 


the charge more positive, any negative ion tends to render the charge 


more negative, but the relative effects of different ions vary enormously 


both with the nature of the ions and with the nature of the surface. 


With some ions and some surfaces the effect will be far too small to be 
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All negative surfaces which. have been: tested have been ſound very 


‘sensitive to simple trivalent kations. They are all less: sensitive (as 


regards their electric charge) towards simple divalent kations; but here 


a great divergence appears and surfaces tend to take their laces i in two 


. separate groups. For while some are only from five to thirty times aas 
sensitive towards simple trivalent as towards simple divalent kations, 


others are thousands of times more sensitive towards the simple 
trivalent than towards the simple divalent kations. The first group of 


surfaces may be referred to as suspensoid, the second as emulsoid. 


The suspensoid surfaces are appreciably sensitive to simple monovalent 


ions, though from twenty-five to perhaps a thousand times less so (H. 
and OH’ excepted) than to the simple trivalent ions, while the emulsoid — 


surfaces are not appreciably affected by monovalent ions (H- and OH’ 


excepted) and are probably many million times less sensitive to them 


than to the simple trivalent kations. The emulsoid differ from the 


suspensoid surfaces as regards their relations towards electrolytes in yet 
another respect. For while the latter are at least as sensitive towards 
certain complex trivalent kations as towards the simple trivalent kations, 
emulsoid surfaces are far less sensitive towards the complex than 


towards the simple trivalent kations 
As regards the relation of the charge of surfaces to the hydrogen ion 
| eee of the aqueous solutions in contact with them (and with 


this of course the hydroxyl ion concentration is inevitably linked), one 


can only say that both suspensoids and emulsoids are known which are 


extremely sensitive to alterations in the Cg. of the solution, while other 
suspensoids exist whose sensitiveness towards H- is only twice as great 
as towards other monovalent kations. Special sensitiveness towards 
the Cg. is not a specific emulsoid or suspensoid character; it depends 
on a feature which may be possessed by suspensoids and by emulsoids. — 


Although most materials may be classed as suspensoid or as emulsoid, 
it is certain that all transitions between the one and the other state 


are possible, the character depending immediately on some such 


physical property as viscosity or dielectric capacity. 


The reasons for believing the surfaces in the heart, the 8 : 
charge of which is a matter of importance, to be, like protein substances 
which have been investigated, of the emulsoid type and very sensitive 
to the Cy. of the solution have been detailed in previous papers to 


which reference may be made u, 2. 
We have now to add evidence from the study of the action of 
magnesium. Mg is the only divalent kation the action of which on the 
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beart can be studied without disturbance by other factors. The caleium 


group of divalent ions enters into special chemical relations with some 
part of the heart mechanism, as they do with certain other tissues, while 


the remaining divalent ions except Mg: when added to neutral solutions 
combine with OH’ and render the solutions acid. 


As has been shown in a preceding section (p. 480) Mg in et 


concentration produces diastolic arrest of the heart in just the same way 
as do the simple trivalent ions, The points of difference are in the 


concentrations needed to produce the effect and in the rate at which the 


effect is removed on perfusion with a solution free from the ions which 
provoked it. The great difference in the concentrations of simple 


_ trivalent ions and of Mg** needed to produce the same effect agrees well 


a 


with the former conclusion that the surfaces in the heart are emulsoid 
surfaces. The greater readiness with which the Mg” effect is removed 
accords also with results obtained on non-living materials; its explanation 
is easy to follow. There is reason to think that the alteration of charge 
of a surface by ions is due to the adsorption by the surface of those ions. 


The adsorption of the trivalent ions is due to an attraction far more 


powerful than that which determines the adhesion of the divalent ions. 


The latter adsorption-complex will exist only in the presence of a con- 
_ siderable concentration of the free divalent ions in the surrounding fluid, 


the former will be in equilibrium with an infinitesimal concentration of 
free trivalent ions. Thus, on perfusion with the solution free from the 
polyvalent ions, the divalent adsorption-complex will break down much 


more rapidly than will the trivalent adsorption-complex. 


If the action of Mg" on the heart is indeed an action on the 8 


charge of surfaces in the heart, we should find the action of a given 
concentration of Mg: greatly affected by the state of other conditions of 
the solution which influence the electric charge of these surfaces. The 


apparent effect of Mg on the heart should be increased by the 
simultaneous action of other ions tending to confer a positive charge ; it 
should be diminished by altering the solution so as to make it, apart 


from the Mg:, tend to confer a more negative charge. Such alterations 


in the solution can be brought about most simply by altering slightly 
its Cg. The action of Mg’ is, in fact, closely dependent on this. 


Fig. 17 shows the record of a ray’s heart beating at first under 


e e with a solution containing the usual concentration of magnesium 
chloride 005 M and of On about 10“. At the first signal mark the 


solution is changed to one differing from it in containing a higher con- 
centration of magnesium—025 M. The beat is quickly arrested. At 
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MINES, 


the won signal the solution is changed to one still containing 025 M 
magnesium, but of Cn: about 10. As is evident from the tracing, there 


is quickly a recovery of the beat and the heart continues to contract 
as strongly in this solution as in that which contained no excess of 


Pig. 17. ‘Raia elavata. Relation of action of Mg to Of. See text. 


We have here therefore additional reasons for believing that in i. 


elasmobranch hearts as in the frog’s heart there are surfaces of an 


emulsoid character whose electric charge is a matter of much importance 


for the performance by the organ of its function of rhythmic contraction. 
It remains to consider what is the cause of the differences which 


have been described in the degree of sensitiveness of the different | 
elasmobranch hearts towards di- and tri-valent kations. That the 


difference between the ray and the dog-fish hearts in their relations to 
magnesium and to the rare earths is not due to a difference in the ease 
with which the essential region is reached, seems to me to be assured 


by the facts that the difference is not related to the relative sizes of the 


beearts nor to the time during which perfusion is continued. Thus the 
dog-fish heart will come into equilibrium and settle down to a steady 


rate of beat for an indefinite time with a solution of magnesium perenne 5 


it which would stop a ray heart within a few seconds. 


Our hypothesis provides a simple explanation. We know that the 
electric charge of a surface depends not only on the electrolytes in 


contact with it, but also on the nature of the surface itself. No fact in 


colloid chemistry is better established than that two different surfaces 
in the same solution may acquire different electric charges. From the 


experimental evidence at present before us we have no absolute demon- 
stration that the surfaces in the ray heart and those in the dog-fish 
heart when confronted with the same “normal” solution bear different 


charges, It is possible that they may, and I think it may be worth 
1 16 is to be noted that there was no precipitate formed on this slteration of the On- 
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heart of Raia by anions. 1 this 


BLBOTROLYTES'ON THE HEART 401 
while to point out here that there is nothing in what is known 


inconsistent with such an idea, and that the facts about the difference 
in sensitiveness of the hearts to di- and tri · valent ions could be explained 


on the simple assumption that these hearts differed slightly in — 
points. 

Iso-electric points are commonly defined i in torme of hydrogen i ion 
concentration. If the Cy. were kept constant they might be defined in 
terms of a selected polyvalent ion, positive or negative according to 


whether the surface in neutral solution without polyvalent ions acquired 


a negative or a positive charge. The polyvalent ions being kept 


| constant, every change in the Cy. of the solution in contact with a 


surface of such material as protein will alter its electric charge. Now 
in experiments which I have carried out on the frog’s heart (and: which 
I propose to publish later in conjunction with parallel experiments on 
the ionic permeability of protein surfaces), it is very clear that while the 


On is a matter of very great importance for the activity of the heart, it 
yet may vary within measurable limits without preventing the function 
of the heart. 


‘could not tell for:instance by mere 


whether a frog's heart was being ee with a solution of Cn; 10% 


or of Cy. 10%. 
Yet the electric charge of the 3 8 differ, though slightly, 
in the two cases. In order to upset the ionic permeability of these 


- surfaces sufficiently to disturb the working of the heart, the electric — 


charge of the den must differ more widely from a certain mean 


Now it is easy to imagine . 


iso-electrio points differ, so that when in contact with the same solution 


the one set of membranes bas a charge like that of the frog’s heart in 


‘solution Cg. 10 while the other set has a charge like that of the frog's 


heart in solution Cg. 10. The behaviour of these two hearts in the 
“normal” perfusion fluid will not be noticeably different, but it will be 
found easier to arrest the first heart than the second heart by increasing 
the “ positive-charging power” of the solution in contact with it. For 
the first heart has membranes already more nearly “ a Wan 
those of the second. (See also p. 504.) 

If this is the explanation of the case in point it should be found that 
the heart of Scyllium is more easily made “too-negative” than is the 


next summer. 
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There is, however, „ 
| Ae differences in their relations to eleotrolytes; it may be expressed 
as follows: Two surfaces possessing the same electric charge in some 
particular solution may require different concentrations of the same 
electrolyte to produce equal changes in their charges. It is clear that 
the existence of such a difference in inertia between the surfaces in the 
hearts of the different species would result in differences in the behaviour 
_ towards electrolytes of exactly the kind we have noted. The underlying 


cause of such differences in inertia is at present obscure, but will 


doubtless be revealed as ä result of further research in colloid chemistry. 


I.t is worth while recalling that the properties of a colloidal substance 
‘at any time depend not only on the chemical nature of the substance | | 
and on the electrolytes in contact: with it, but also on the previous 


history of the substance. 


Now the history of the surfaces in the hearta of rays on . 
and of dog-fish and angel-fish on the other, differs in this significant 


respect. They have been laved for years, or one might more properly 


say for generations before the experiment, with solutions of different 
hydrogen ion concentration. For there is a small but distinct difference 


in the Cy. of the blood of Selachii and Batoidei, as 8 — 
given in the section. 


ION CONCENTRATION OF THE PLASMATA 
OF ELASMOBRANCHS. 


“The object of experiments was to determine 
difference in the Cg. of the plasmata of the different species existed. 
Each experiment consisted in a comparison of the plasmata of two fishes, 


treated as far as possible side by side. The plasmata were prepared for 


comparison thus. A large ray, for example, was killed by pithing, the 


middle branch of the ventral aorta exposed, clamped with a Spencer- 
Wells forceps and a glass cannula introduced. A centrifuge tube was 


filled from the cannula and placed in the centrifuge. While this was 
turned by an assistant, the same operations were performed on a dog-fish. | 
The collected blood was placed in the centrifuge, and the spinning 


continued until both samples were free of corpuscles. The samples were 


then poured off and tested with indicators. The order in which the 


to three hours, sometimes longer : FF 
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be summarised as follows. * 


@Raphthol-phthalein 

ig Nosolie acid. Pink Yellowish pink 
_ After aang both samples thoroughly with arin 
Pink Yellowish pink 


(Difference increased) 


The difference in tint was more striking still on employing Walpole’s device : viewing 
the Scyllium plasma +indicator through a layer of Raia plasma and the Raia plasma 
+indicator through a layer of Scyllium plasma. 

The difference between the plasmata was also well shown by adding a few drops of 
each to 5 0. 0. distilled water in each of two similar test-tubes and testing with rosolic 


acid, Adding two, ee 


obtained with rosolie acid. 
Such tubed matched Sérensen’s 910 


Plasma of both faintly coloured 
these * tints given in Klincksieck et valette Code. des 


Between 61 & 66 Botwoon 41 & 46 
Rougeorangs Rouge 


 Rosolicacid Yellowish Pink | 
Matches Code des Couleurs 6% 


« with to methy! orange 
83 0.0. 


The Cy: of the plasma of Seyilium and of Rhina is therefore rather 


smaller than that of Raia, avd although this difference is slight, in view 
which to ‘act, is be. 
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in the’ diference bobmesn: the 


surfaces in the hearts of these species, the existence of which we-deduced — 
from the experiments recorded on previous pages, whether we conceive 


of this as a difference in inertia or as a difference in iso-electric points. 
The latter hypothesis has much to recommend it; the further factors 


which might determine a difference in iso-electric points of the surfaces _ 
will be discussed in connection with the experiments on the heart of the 
invertebrate Pecten, which differs from vertebrate hearts in its relations 


towards electrolytes in a manner explicable most readily by the existence 


of a considerable difference in their iso-electric pointe—a difference — 
much wider than that we — to exist between the hearts of these a 


EXPERINmnrs ON THE HEART.OF PROTEN.. 


In the following experiments medium-sized or large’ specimens of | 


the lamellibranch Pecten mamimus, the common scallop, were used. 


Operation. Shortly after removal from the aquarium the valves of iM 
Pecten gape, and a piece of wood can be inserted to keep them apart. 


The mantle is then detached from the flat, upper valve with the handle 
of a scalpel, the attachment of the adductor muscle cut through and 
the valve removed. The concave shell containing the. animal is then 


fixed in a dissecting dish, a hole is drilled in the shell to allow of the 
escape of fluid and the pericardium is freely opened up. A silk 
thread is passed round the thin transparent “auricle”. and the nozzle 


of a cannula (of the form shown in Fig. 1) tied in. The efferent 
vessels of the heart are cut open to allow free egress to the perfusion 


fluid. A minute platinum hook is placed in the superficial part of the 
ventricle and connected by a fine thread to a lightly poised recording 


lever. 


The perfusion fluid. The blood of besten i is said to have practically . 
the same composition as the sea-water in which the animal lives. 
In attempting to determine whether the perfusion method was 


applicable to the Pecten heart, I first tried sea-water as a perfusion 


fluid. Directly the sea-water reached the heart the latter stopped in 


firm contraction: The result was the same whether the sea-water used 


was taken from the aquarium tanks or on the same day from the 
English Channel. The behaviour of the heart when perfused with 


sea-water reminded me strongly of the behaviour of the frog’s heart 
when treated with an ‘alkaline solution. I therefore compared the Cy. 


of dhe blood of Pécten with’ that of sex-water, the blood is 
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salts of strong acids and bases deviate slightly from on 
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colourless, such a comparison is readily made with indicators. Rosolic 
acid shows the difference best. While the sea-water gives a full pink 
colour with this indicator, the blood of Pecten gives a yellowish tint. A 
difference of this kind was found in every ease tested. The blood has 

a higher Cy- than the sea-water in which the Pecten is living. While 
sea-water is faintly alkaline in reaction the blood of. Pecten is 
practically neutral. Comparing with Sörensen's standard mixtures, I 


found the Cy. of the water taken from outside the breakwater at 


Plymouth to be about 10-**, that of Pecten blood was about 107. 
That the difference in Cy. was indeed the reason why sea-water 
would not maintain the heart-beat was shown conclusively by the dis- 
covery that sea-water neutralized by the addition of a little hydrochloric 
acid forms an excellent perfusion fluid. The addition of HCl to sea-water 
introduces no strange ions, but increases the Cy.. To bring sea-water 
to the same On as Pecten blood required about 1°5 C N/10 HCl in 
100 c.c, of freshly collected sea-water. So large an amount’ of acid is 
needed because the sea-water contains phosphates and carbonates — 
which act as “buffers.” (See Palitzsch@,) Fig. 18 illustrates the effect 
of changing the Cy. of sea-water perfusing the heart. 


He 18. Pecten. Heart perfused at beginning of tracing with sea-water + HO! N/10 15... 
10066. Ou 10. At signal change to sen- water Y HCI 1 0.6. in 100 0.0. · 10“ 


107. 


Ses unter, then, of Cu 10-7 will allow the heart to beat. 
water of On 10 stops the heart in * sea-water of Cn. 10- stops 


it in diastole. 
I next tried perfusion with mixtures of M/2 solutions of NaCl, — 


KCl and CaCl,, well aerated. It is not possible to determine accu- 


rately the Cy. of such solutions by the colorimetric method, since in 
the absence of “ buffers” the indicator added itself appreciably disturbs 
the reaction. But owing to the CO, in the air, such solutions of the 


acid side. 10. 


— 
3 * * 
{ 
“(hen 1 : 
; * a= 
iy) 
>. 
} a 

8 

. 
2 

. 

a 

val 
— 

rs 
74 
— 

** 

— 

5 

ers 

2 

2 

4 

. 
2 
a 
vet 
5 
* 
wi 
2 
44 
* 
N. 
pe 
2 
od 
se 

a 

te 

a 

* 

Pet 

¼ ⅛⁰ ¹ m t¾x ̃ ͤT̃ ̃ 


406 


To my surprise I found that these solutions also stopped the heart 
in systole, that is to say the heart behaved as though the CR of these 
solutions was too low. A plain solution of NaCl in distilled water also 
caused systolic arrest. And yet the Cn. of these solutions was 
certainly higher than that of the neutralised sea-water or the Pecten 
blood itself. 

The explanation is quite Both the blood: the: de- 
water contain considerable quantities of magnesium. I found that the 
addition of MgCl, to the Na, Ca, K mixture enabled it to maintain the 
heart-beat very efficiently. Two experiments on the heart of Sepia 
officinalis showed that its behaviour in these respects is.similar to that 
of Pecten. The presence of K was found to be not essential, and so 
for the sake of simplicity it was omitted. The concentration of Mg 
employed varied from 01 Mü to 1 M. The last-named concentration was 
found most satisfactory and the solution generally ee for * 
fusion after the preliminary experiments was prepared thus: —- 


CaCl, M2 Ice, MgCl M/2 20ce, NaCl M/? to’ 100.0, 


Before entering. on the explanation of, the. action, of Mg we. shall 
give the results of experiments on the alterations i in the e of 
this fluid. | 


Fig. 19, Festen. Effect of removal of Ca. 


Substitution of Li for Na. The substitution of an equi-molecular 
concentration of LiCl for NaCl in the solution caused a pronounced 
rise of tone together with increased frequency and incomplete relaxation 
of the contractions. These symptoms resemble those produced by the 
same substitution in the elasmobranch heart, but the beat is better 
maintained in the Pecten heart. I have seen the Pecten heart continue 


4 


> 
q 
* 

92 
¥ 55 1 
: 
U A 

8 

4 

42 oe 
wha 

2 
‘ 

2 

3 

27 2 

‘a 

— 

Er 

* 
+ 
* 
a 

8 

* 

2 

2 

* ‘ 
£ 

Q vs, 

7 

iy 
4 

7 N Bs 
2 1 7 5 — 2 
SA 

7 

ag 

q 

a 

— 
it, 
4 

‘al 

4 
4 


ELECTROLYTES ON. THE HEART. „ 


beating for over 10’ while perfused with a solution containing lithium 
in place of sodium. In this case the return to the sodium mixture was 
followed by increased rapidity of beats and then by stoppage. Return 


4 


. to lithium again started some feeble beats. That the perfused Pecten 
„ heart comes into equilibrium with the fluid perfusing it quite rapidly 
4 appears from what follows. 


Importance of a and the substitution of Sr and Ba, The effect of 
removing Ca from the perfusion fluid is exactly like that produced 
under the same conditions on the heart of elasmobranch or amphibian. _ 
There is an immediate falling off in the amplitude of the contractions, 
some quickening and arrest in relaxation. In the instance given in 
Fig. 19 the falling off is more gradual than usual. Restoration of the 
‘Ca is followed immediately by rise of tone and increased force of 


“Fig. 20. Pecten. "Replacement of Oa by Br. The lower in the d. 
continuation of the upper tracing. | . 
Ir for Oa causes rise of sone 
aa contractions become much slower. This is exactly the effect pro- 
-dueed in the frog’s heart. In the concentrations tried the substitution 
PH. 33 
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The replacement of Ca by Ba causes still more marked rise of tone, 
sil ultimately arrest in systole. In two out of three experiments on 
the substitution of Ba for Ca, I noticed the curious phenomenon which 
is recorded in Fig. 21. The very slow rhythmic contractions recall the 
curious oscillations of tone which Fano, Botazzi and others have 
desoribed in the auricles of the tortoise. 

Since the solutions used here all contained a high concentration 
of Mg, it is obvious that Mg is totally unable to take the place of 


In order to settle the relations of these ions to the heart muscle 
(Ca, Sr, and Ba) it will be necessary to test them in various concentra- 
tions—to see if, for instance, it would be possible to get a better effect 
by the substitution of a much smaller concentration of Sr or of Ba for 


Fig. 21. Pecten. Heplacenent of Ga by Ba. 


a certain concentration of Ca, instead of using the chemically equivalent 
concentrations as one does naturally in experiments where the general 
relations of these things is first sought. } 
At present I have not attempted to work this out. I have merely 
made experiments enough to convince myself that some degree of 
substitution at all events is possible in the case of these three closely 
related elements: that Sr behaves more exactly like Ca than does Ba; 
that Mg is totally unable to replace Ca; and that these facts hold good 
for the heart of the mollusc Pecten as hey do for the vertebrate hearts 
which have been investigated. i 
Importance of Mg. I have already mentioned that the addition of 
Mg to a solution, which without it arrested the heart at once in systole, 
enabled this solution to maintain the beat in a satisfactory way. The 
‘removal of Mg from this solution, as might be expected, is followed by 
‘systolic arrest of the heart. How quickly this effect may be brought 
about is shown in Fig. 22. Keeping the. Cg. constant, increase in 
the concentration of Mg causes slowing of the heart. Conversely, reduc- 
tion of the Mg concentration is followed 
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: Increase in the Mg concentration from 1 M to 15 M stops the heart 


in diastole. In a heart which has been beating for some while in the 
presence of 05 M Mg, diastolic arrest was caused by 1 M Mg. The 
influence of concentration of Mg on the rate of beat is similar to that 
described for the elasmobranch hearts, instance to 


illustrate the point. 


Composition of perfusion fluid Number of beats per 65’ 
Ca 1, Mg 20, Na to 100 | 14, 18, 12 
Ca 1, Mg 15, Na to 100 17, 17, 15 

Ca 1, Mg 20, Na to 100 10, 12, 11 


‘Pig. M N heart. Kt 4 the fiuid perfused was the following mixture of M/2 


solutions : MgGl 2 c.c., CaCl At B the same 
_ but without Mg. ; 


‘The relations of the Pecten heart to sail thus . 
those of the vertebrate hearts studied towards the same ion, in that 
concentrations of Mg reduced the frequency of the beats and 

lead ultimately to diastolic arrest. They differ in the highly important 
respect that while removal of Mg from a neutral perfusion fluid 


maintaining the beat of the vertebrate heart causes only a little 


quickening of the beat, the heart of Pecten under similar treatment 
stops in systole. The heart behaves when perfused with such a solution 


exactly as if the solution were too alkaline. And in fact the addition of 


a very small concentration of acid to the solution devoid of magnesium 


removes the systolic condition and sometimes re-starts the beat. It is 
difficult to hit off the exact concentration of acid needed to keep the 


heart going in such a solution, but I have obtained distinct evidence of 
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aétion of simple trivalent ions which follow. 


Action of trivalent kations. The addition of 00001 M Ce to the 


sail perfusion fluid causes slowing of the beat and fall of tone. With 
0001 M there is diastolic: arrest in two or three minutes, the effect being 
quite similar to that described in the various vertebrate hearts. Asa 


rule recovery was much more prompt on removal of the rare earth from 


the solution than in the case of the vertebrate heart. Ce‘: and Nd; 
were the ions tested. The complex trivalent ion Co (NH,). was much 


less active than the simple trivalent ions, though as with the elasmo- 
branch hearts the amount of effect produced by it was different in 


different cases. Fig. 23 gives an a instance of comparison of ve actions 
of (NH),; and Ce. 

It is very interesting to find that it is possible to 8 Mg i in the 
e perfusion fluid with a very small concentration of Ce or Nd. The 


concentration with which the best results were obtained was 00003 M. | 


An instance is given in Fig. 24. With higher concentrations, such as 


0001 M, the systolic condition following the removal of Mg was 


succeeded by a state of diastolic — just as when the solution was 
made too acid. 


In the case shown in Fig. 5 of 00003 M Ce is 
effectively replacing a concentration 1 M Mg. In other words one cerous — 


ion is doing the work of some 3000 divalent ions. 


As with acid, so with the trivalent ion it is very easy to ‘over-shoot 8 
the mark. The exact concentration needed appears to vary somewhat 


with different hearts, and in a number of experiments negative results 


were obtained But in four cases, as in the instance given in Fig. 24, 
the addition of a very low concentration of the rare earth solution to 
the perfusion fluid of the was 


for some minutes. 
Here again then we find Mg dete hike. shoes 


be acid and by simple trivalent ions. The difference between the Pecten | : 
heart and the vertebrate hearts, whose relations to these ions have been 


examined, is that the Pecten heart, in order that it may beat, requires 
the presence of positive ions in such excess with respect to their power 
of conferring positive charges as inevitably to stop the vertebrate heart. 


The general relations to electrolytes of these different hearts is quite 


. We may assume then, for the present, that the essential 
arrangement of those parts of the mechanism which we ars attacking is 


If then we suppose 


The’ explanation of thes facta i sited by the the 
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the Pecten heart may beat its “membranes” must have the same electric 


charge as those of the vertebrate hearts, we come to the simple con- 


clusion that in the neutral solution, practically free from electrolytes 
having any notable effect on the electric charge of surfaces—in solutions 
which would produce the same electric charge on pieces of the same 
material (iso-polarising solutions) the membranes of the Pecten heart 
will acquire a charge much more ~~ than the — of any 
of the vertebrate hearts. 


The simplest way of expressing’ such a - difference is to say that the 


respective membranes have different iso-electric points. In order to 
bring them to the same electric potential as the solution surrounding 
them, the membranes of the Pecten heart must be in a solution more 
acid or richer in polyvalent kations than that required to bring the 
membranes of the other hearts to the same condition. In neutral 


solutions free from excess of polyvalent ions we know the membranes 
of the vertebrate hearts possess a negative charge. The membranes of 


the Peoten heart in the same solution would possess’ a more intensely 


negative charge, We have been led to the conclusion that these 


membranes or surfaces are “emulsoid” in character, and there is every 
reason to suppose that they are of protein material. Now it is a well- 


known fact that various proteins have different iso-electric points. It 


is well seen in their relation to dyes. Some proteins dre strongly basic 
in their dyeing reactions, others have an acidic character. The former 
of course have affinity for acidic dyes, the latter take up basic 


dyes, 


whose ionic permeability is so important a matter for the functional 
activity of the heart, are composed, should form any large proportion of 


the total mass of the muscle: but on the other hand it is quite possible i 


that it may. 


Pieces of the 3 muscle of Pecten * of Raia were soaked in 
NaCl M/2, teased out and placed on a slide, and then treated with 


methyl green and orange G, washed, dehydrated, cleared and mounted. 
The material from Pecten was found to stain strongly with the orange, 
while that from the ray took up the methyl green strongly, This was 
confirmed on repetition. Methyl green is a basic substance, orange G 
an acidic substance, so these observations would indicate that the 
material of which the pecten heart is composed is more basic, that is to 


say has @ more negative charge than the material of which the ray heart. 


is composed, when they are treated in the same way. 


Ts is not see to suppose that the material of which the surfaces, | 


sy 
ty 
ò⅛--ꝛ2ñ]8 ̃—ũ Äw.ſd % ͤ ]½̃ e ̃ gm ,- ] m ̃ — 
| 
ue 
* 
7 
— 
8 
4 
| 
sag 
* 
a 
i 
a 
. 
— | 
| 
ug 


4 
9 


ELECTROLYTES ON THE HEART. 508 


Such differences almost certainly depend on differences in chemical 
constitution. Proteins, like their constituent amino-acids, are amphoteric: 
whether their acidic or basic properties become predominant depends on 
their constitution. For example, it is well known that the protamines 
and histones, which are composed chiefly of di-amino acids, are strongly 
basic substances. Here the basic - NH, groups greatly out-number the 


acidic — COOH groups. 


The presence of an unusually large proportion of di-carboxy mono- 
amino acids would render a protein more acidic in nature. It is known 
also that the presence of phosphorus in the molecule tends to confer 
sige properties on the protein, as for example in caseinogen. ie 

It is evident from these considerations that relatively slight differences 
in the proportions of the various amino-acids going to build up the 
proteins of which the different hearts are composed would suffice to 
produce differences in the iso-electric points of these proteins. 

In the bio-chemistry of species no fact is more generally recognised 


than the specificity of proteins. Many lines of work converge to show 
that “all flesh is not the same flesh, and it has been regarded as 


axiomatic that differences in the chemical composition of specimens of 
living matter will determine differences in the behaviour of nae 
specimens. 

The considerations which I have here advaneed, 3 on the ete 
recorded in this and previous papers, indicate more definitely one method 
by which differences in chemical constitution—and possibly quite small 


differences of certain essential constituents of the living machine may 


become responsible for differences im the relations of the machine as 
= the influence of chemical environment on. its ee 


GENERAL REMARKS ON THE ACTION OF IONS ON THE HEART. 
The observations recorded in this and in previous papers 1 


with others as yet unpublished lead to the following general conclusions 
as to the mode of action of ions on the heart. They thay be grouped 
provisionally under three headings:— 


1. “Nomadic” ions: Li’, Na’, K., Rb’, Cs’, (40; Cl’, NO, (OH). 
2. “Combining” ions: Ca“, Sr“, Ba- 
3. Folarising ions: H- Mg. Ce- and other simple trivalent 

ions, complex trivalent kations; OH, citrate”, phosphate“. 


I. These ions produce their effects by passing from one region to 
another, carrying their charges and so setting up differences of potential 
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MINES. 
"between the various parte. Their mobilities and Sonat are probably 


the principal factors in determining their actions. 
2. These act by forming chemical compounds with some essential 


constituent of the heart muscle. | | 
8. These modify the electric charge and thus the i ionic 3 
lity of certain surfaces or membranes in the heart muscle, thus affeoting 
in a differential manner the of the 
“nomadic” ions. 

The relations of the ions to surfaces in diferent 
hearts, as also their relations to sur- 
faces of different emulsoid materials, 
may be put more clearly with the 

aid of the diagram in Fig. 25. 
The AB is pivoted at A 
around which point it can swing, for 
instance, into the position AB’. 
The charge of the surface is in- 
_ dicated on the scale 8 where the 
lime AB crosses it This lime can - ~~ 
be swung to the right the b 
extent by a very small concentra- 
tion of a simple trivalent’ kation, 


by a relatively very large concen- 
tration of a divalent kation, or by Eqs 


1 
‘ 


a small increase in the Cn that 
is to say, by an inerease in the. 
hydrogen ion concentration ab- 
companied, as it must inevitably 
be, by @ simultaneous deeresse 
the hydroxyl jon concentration. | 
Now in the absence of any poly- 
valent ions, and when the concen- 
tration of hydrogen and hydroxyl 
ions is equal, that is to say when 
the solution is neutral (Os. 100% 
the charge on an immersed surfnoe 
is not as a rule zero. In most cases 
the surface is negative to the solu- 
tion. But the nature and intensity 
of the charge depend on the nature 
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of the surface, as we have seen. This is represented in the di 
by making & a sliding scale. For most surfaces it will have to be 
shifted to the right, as it is shown in the diagram. In order to make 


the charge on the surface zero, there must be added to the solution 
a certain very small concentration of trivalent ions, a large con- 


centration of divalent kations, or the Cy: must be increased. 
Now with regard to the surfaces in the heart whose electrical 
charge we believe to be of a matter of importance, their charge must 


lie within certain limits if the activity of the heart is to continue. 


Let us call these limits on the diagram —3 and 4 1. If the charge is 
raised above +1 the beat stops; if the charge is reduced below - 3 the 
beat is also stopped. In the case of the Pecten heart, the scale is 
shifted so far to the right that —3 lies slightly to the right of the line 
when it is in the position AB. Thus in order to allow the heart to 


‘beat the line must be deviated towards the position AB’ by one of the 
means indicated. With the various vertebrate hearts, the scale lies so 


that with the line vertical the charge indicated lies between - 3 and + 1. 
But with the ray heart we suppose that the vertical line AB passes 
over say — 1, while with the scale set for the membranes of the.dog-fish 
heart it passes over —2. Clearly on this hypothesis, although both 
hearts will beat in the solution indicated by the vertical line, a greater 
deviation of this line to the right will be necessary to * the — 

heart than the ray heart. | 


The hearts of the elasmobranch Soyllium, Raia and Rhina and that 
of the invertebrate Pecten show many close resemblances to the heart of 
the frog in their relations to electrolytes. The action of magnesium on 


these hearts accords with the hypothesis that this substance acts by 
altering the electric charge of the surfaces which are affected by the 


hydrogen ion and by trivalent kations. 


Certain interesting differences in the quantitative relations of the 
hearts to those electrolytes which act by altering the electric charge of 
surfaces in the heart, indicate the existence of differences in the iso- 


I wish to thank Miss D. Dale of Newnham 3 


assistance in many experiments, and Professor Stanley Gardiner for 
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the use of a University ‘Table at the Plymouth Marine Biological 
‘Laboratory during the greater part of the long vacation. 


‘The expenses of this research were defrayed in part by e grant from the Government 
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muscle. I. — and salts. j 


‘The action of various salts on muscle has been studied 655 various 
observers, but, generally speaking, the method has been different from 
that employed in this investigation, a detailed description of which is 


given in the Proceed, Roy. Soc., B, vol. 81, p. 454. 


Wbereas the gastrocnemius muscle of the frog has generally sa 
used, and only a single induction shock has been employed to test the 
irritability or life of the muscle, in this case the sartorius muscle has 
been exclusively employed and has been subjected to a succession of 


shocks (at 10 sec. interval) extending over a period of from 40 mins. to 


90 mins. or more. The abolition of response is measured and the 
subsequent recovery, if any, observed, the muscle being surrounded 
primarily by salt solution, then by the substance under examination, 
and finally by the original salt solution. In this way the relative action 
of the acidic and basic portions of the salts can be observed. ) 

As regards the abolition of response to direct excitation in the case 
of sodium, potassium and ammonium salts, the order of rapidity of action 
is: Potassium—Ammonium—Sodium, whilst the recovery from the 
effect of potassium salts is rapid and ammonium 
salts is much less pronounced. , 
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A new form of perfusion stopcock. By B R Mac. 


The stopcock consists of two slightly tapered metal cylinders the 
one fitting smoothly into the other, the inner having a milled head at 


one end by means of which it can be rotated within the outer, and at 


the other end a screw nut to prevent its withdrawal. 


The outer cylinder is provided with four inflow tubes numbered | 


1, 2, 3, 4 (or as many more or less as may be desired) and a single 


outflow tube 5 (Fig. I). Leading into the central bore of the inner 


cylinder are eight openings, 1, 2, 3, 4 and 51, 54%, 54 and 570 (Fig. I), so 
arranged that when opening 5! in the inner cylinder communicates with 


the outflow tube 5 of the outer cylinder, openings 1 and 1 correspond, 
so that there is a free flow through from 1 to 5 (Fig. 1). This connection 
is made when the mark 1 on the milled head of the inner cylinder is in 


line with the arrow-head on the outer cylinder. Then when the milled 
head is rotated so that the mark 2 is in line with the arrow-head, 
opening 51 of the inner cylinder communicates with the outflow: tube, 


the openings 2 and 2 correspond, and there is a free flow in through 2 


and out through 5 (Fig. 2). Similarly for 3 and 4, the connections of 


which are shown in Fig. 3 and Fig. 4 respectively. When the dot 
between the figures on the milled head lies opposite the arrow there is 
no connection between the inflow and outflow tubes and es stopoock i is 


closed. 
the milled head thet any number from 1 to 4 


lies opposite the arrow, the corresponding inflow tube is put into 
- communication with the outflow tube and the stopcock is open; when 
the dot between my two numbers is opposite the arrow the stopeock i is 


closed. 
This stopcock! ean be made in any-sise and mey be uscd’ in 


a e e, work in Physiology or pharmacology, such as vessel-: or 


Ithaca, N. T., U. 8. A. 
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_ Note on the probable formation of adrenaline tn the animal 
By Casimir Funk. 


‘Some months prepared the 
OH 


H—COOH 


N 
is probably present in small tition in proteins) with the 
intention of ascertaining whether it night be the of 


adrenaline 
oF 


0 | 
Experiments showed that the compound had practically no action 
on the blood-pressure and was without any marked toxic power when 
injected. As many other catechol derivatives show very marked toxic 
and vaso-constricting actions, it appears probable that the presence of 
the side chain causes this difference in action. 

Experiments were carried out to ascertain if adrenaline could be 
obtained from the 3-4. dihydroxyphenylalanine by incubating with 
suprarenal glands, but gave negative results, A negative result was 
also obtained when the compound was incubated with a mixture of 
suprarenal glands, liver and pancreas, it being thought that possibly the 

transformation to adrenaline might take place in several steps in different 
The experiments do not prove that this substance is not a precursor 
of adrenaline, since the first stage in the formation of the latter may 
take place in the intestine, and may be of a similar nature 0 1 
transformation i in the intestine of tyrosine 
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the of the ‘pliono- aad electro- 
cardiogram. L. Bu (of the Institut Marey, Paris), 


We have succeeded in obtaining the of 
a the electrical changes and of the sounds of the human heart in the 
following manner : 
. The instruments employed were: for the „ 
75 String Galvanometer, and for the latter Weiss Phonoscope. The two 
5 instruments are disposed with their optical axes accurately centred in 
the same line: the light passing first through the galvanometer gives a 
sharply focussed image of the string on a convex lens of about 3 cms. 
diameter placed 16 cms. in front of a condenser of the phonoscope; this 
a condenser forms a microscopical image of the lens and string in the 
a plane of the glass lever of the phonoscope by which the. sounds are 
= recorded. Under these conditions the projecting objective of the 
5 phonoscope throws an enlarged image of the string and of the glass 
lever on the focussing screen of the recording camera. The chronographic 
| apparatus, consisting of a rotating toothed dise, i is as 
| the lantern and the 


The accompanying figure shows a record taken in this manner of the 
electrical variations (upper line) and of the sounds (lower line) of the 
heart in a normal subject. The distance between the ordinates 1 mm.— 
represents the time interval of zyth second; the same distance of 1 mm. 

measured vertically corresponds with robvdth of a volt as regards the 
electro-cardiogram. 
= The interval of time between the first movement of the galvano- 
a meter string and the beginning of the first sound of the heart is about 
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pth of a second. The cessation of electrical activity preceded the second 
sound of the heart by almost exactly the same interval. : 
The correction to be made for the time of transmission of sound in 
the tube leading from the patient to the phonoscope (18 inches bina is 
about of a second and i is therefore 


of colour 


— 


e lanterns placed side by side. I have endeavoured to reproduce 
as ‘nearly as possible the conditions experienced at sea. Zach of the 
diaphragms has seven apertures, the first three of which represent 
a ship's side light at two miles, one mile, and half a mile when the test 
is used at twenty feet. The next two represent a 5} inch railway 
signal bullseye st 600 and 400 yards and the last two apertures are 
3 and 10 millimetres in diameter. 

I propose to find out the percentage of those who cannot 9 55 this 4 
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PHYSIOLOGICAL SOOTBTY, 


Vun 22 1911. 
: Inhibition of post-mortem production ** 
and of certain forms of glycosuria, by the intravenous injection 
of dilute W. 

Reference was made to the e eee 1 Influence at 
Environment on Enzymic action”? in Which it was shown, in the first 
place for invertase, and in the next for diastase, that acids stand in the 
position of-activators of the inert body (zymogen) which constitutes the 


precursory part of the enzyme. Alike for invertase and diastase the 
| experimental evidence adduced showed that the zymogen gave no signs 
of activity in the presence of a basic substance, and became active in 


the presence of an acid. In the case of the liver a 2% solution ‘of 


‘sodium carbonate (anhydrous) injected into the mesenteric vein -of 


a chloroformed cat sufficed to prevent any show of post-mortem produc- 


tion of sugar, whilst subsequently treated with an acid and incubated, 
a free production of sugar took place. 


A demonstration of this result was given from an experiment 


| performed on the previous day. When ie chloroformed a bona was 


F. W. Pavy and H. W. Journ of 1010. 
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viii PROOREDINGS OF THE PHYSIOLOGIOAL 


operated upon and the left lobe of the liver tightly ligatured * 


solution of sodium carbonate was then run into the mesenteric vein and 


forcibly driven through the non-ligatured portion of the liver. An 


examination of the two portions, an hour afterwards, showed that the 


ons that had been injected gave no indication of the presence of sugar, 
whilst that which had been ligatured off gave the usual indication met 


with in the post-mortem liver. The specimens were placed aside and 


kept for the preparation of decoctions, using a saturated solution of 
sodium sulphate for the purpose, just previous to the meeting. These 


were the preparations that were employed for demonstration, and, 


notwithstanding the time that had elapsed, the Fehling solution com- 
pletely retained its blueness in the case of the injected liver, and, as 
was to be — gave a full — in the case of the ligatured 


liver. 


Acting upon the knowledge an was next 
made to see if the production of sugar by the liver, occurring in 
association with glycosuria, could: be similarly checked, and the 


- glycosuria thus removed, by the injection of sodium carbonate into the 
circulation 
It may be stated, without entering into detail upon the subject of 


che different sources of glycosuria, that some forms of it are dependent 


upon sugar being abnormally thrown into the circulation from the liver. 
By the occurrence of enzymic action in a manner that had not been 


taking place antecedently to the onset of the glycosuria, the glycogen | 


becomes transformed into sugar which passes into the circulation and 


thence into the urine. Pigdre and nerve stimulation act in this way, 


and in the absence of glycogen no glycosuria is susceptible of being 
produced. Chloroform glycosuria holds a similar position. In many 
animals, the extent of glycosuria produced by chloroform, if any at all, 


is only trivial, In the cat, however, it is ordinarily observable, and it is 
possible for the sugar, it may be stated from direct observation, to 

stand at a height of 80 or 90 and even more per 1000. The modus 
operandi of the chloroform is not a matter that is here specially under 
consideration. It may be that, by occasioning a greater or less loss of ) 
vitality of the liver cells, it leads to the production of an acidosis, | 


‘comparable to that which sets in instantly after death, and thus 
supplies an activator to the zymogen, giving it, in doing so, enzymic 


activity which it did not previously possess. The fact has to be dealt | 


with that glycosuria is produced through the transformation of the 


produced. the point is to see | 


* 


‘iz 


* 
ety 
* * 
2 
4 & 
y 
12 
15 
* 
} 4 
* 
2 
pe 
2 
ag 
* 7 
- 
* 
— 
ud 
AG 
. 
BAY * 


: 


SOCIETY, JOLY 10. 


ke mane to te of the post 
production of sugar by the agency of sodium carbonate. | 

The method of procedure adopted has been to resort to the 
intravenous injection of the sodium carbonates. This requires to be 


done guardedly, seeing that if too rapidly or too largely introduced 
a fatal result may occur. A 3°/, solution of the anhydrous salt is a 
suitable strength to use and a quantity that will give I gramme per 


kilo suffices for what is wanted. The cat having been placed under the 
influence of chloroform, urine is obtained at the periods desired by 
means of a catheter. If a female cat be used it is found that, with a 


forceps speculum of the nature employed by medical men for looking 


into the nostrils or external ear, the vaginal passage may be dilated so 
as to bring the urethral orifice readily into view and permit of the easy 


passage of the catheter into the bladder. Urine is withdrawn in 


quarter of an hour periods, and when glycosuria is thoroughly established, 
the sodium carbonate is injected into the femoral vein. The glycosuria 


existing previous to the injection is found to speedily show signs of 


reduction. Something depends upon its intensity, which determines 
the amount of sugar to be got rid of from the system. Ordinarily, by 


the time the injection is completed more or less marked evidence of 


diminution is afforded, followed by disappearance a quarter of an hour, 
or, it may be, half an hour later. Marked diuresis follows the injection 
and, the end of the catheter being allowed to rest in a test tube, the 


urine flows away as it is secreted. 


In the experiment, from which the specimens of urine for demonstra- 
tion were derived, the operation was conducted on a 1°8 kilo cat on 
the day previous to the meeting. At 4.44 p.m. the administration of 
chloroform was commenced. At 4.53 the urine obtained gave no 
reaction with Fehling’s solution. At 5.8 a good reaction appeared. 


At 5.15 the injection of the sodium carbonate was commenced. At 


5.23 the urine gave a good reaction. At 5.30 the reaction had 


_ disappeared, and again at 5.38, when the injection was completed, no 


reaction was perceptible: Confirmation of these statements was given 
by demonstration at the meeting. 

I normal saline or Ringer's fluid is substituted for the sodium 
carbonate no restraining influence on the glycosuria is exerted, and 
they may be brought into use in supplying counterpart evidence in 
connection with the glycosuria producible by nerve stimulation. Let 
glycosuria be produced by chloroform and either of these agents be 
intravenously injected, the glycosuria is seen unobstructedly to run on. 

| 52 
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If whilst this is occurring the vagus be picked up and pinched in a few : 
places with forceps, the glycdsuria is found to immediately become 
much intensified. Suppose, on the other hand, the sodium carbonate : 
to have: been injected, the reducing effect on the glycosuria is induced 
and no effect is brought-about by pinching the vagus, thus showing that 
the nerve stimulation of glycosuria is, like the chloroform glycosuria, fi 
held in check by the agency of the sodium carbonate. Seeing that | 
there is evidence to show that both forms of glycosuria are due to an ; 
abnornial enzymic conversion of glycogen into sugar (attributable, there f 
are grounds for suggesting, to acidosis development) there i is 


with what be looked lor. 
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n; 
on man. By E. L. Cotxis and M. S. Pemsrey. : 


5 At the request of the Departmental Committee on Humidity and 


= Ventilation in Cotton Weaving Sheds we have investigated the effects 
2 of a warm moist atmosphere upon ourselves and also upon weavers. 

. The thermometer was kept in the mouth for six or eight minutes in 
___ each observation. The maximum temperature is recorded more rapidly 


* when the skin of the face is flushed: the buccal temperature is not 
a true record of the deep temperature of the body. On exposure to 
a warm moist atmosphere the pulse quickens and the skin becomes 
flushed and warm; the temperature in the mouth rises approximately — 
a to the internal temperature which is raised to a smaller extent. | 
a The observations on the weavers on Sept. 14th were made in the 
___, shed in which they were working, but on Sept. 15th the weavers were 
kept away from the mills for the purpose of control-data under ordinary 
5 conditions of life and the observations were taken at their homes. The 
difference in the surface temperature of the skin is pronounced, The 
influence of the warm moist atmosphere is to diminish the difference 
between the internal temperature of the body and that of the peripheral 
parts. The tendency is to establish a more uniform temperature of the 
= Bose as a whole and to throw a tax upon the powers of ‘accommodation 
2s indicated by the low 4 * the rapid rate 
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xiv: PROCEEDINGS OF THE .PHYSIOLOGICAL 
The influence of certain fons on the electric charge of 
Mines. 
Many facts about the action of polyvalent ions and of the 8 1 
ion on the frog’s heart are simply explained by the following hypothesis. © 
Certain membranes form an essential part of the excitatory or of the 
contractile mechanism of the muscle ; these membranes must possess a: 
particular degree of differential ionic permeability for the automatic — 
activity of the muscle to continue’. 
The ‘membranes’ need not mean more than the regions of contact = 
.of two phases: it is not essential to regard them as constituting 5 
‘separate phase. = 
.. The relations between the actions of the hydrogen i ion concentration : 
8 solutions, of simple and of complex trivalent ions and of the divalent 
on Mg: on the heart, closely parallel the actions of these ions on the 
ielectele charge of colloids of a type to which most of the colloids found : 
the body belong. 
"Phe ionic permeability of a membrane is a function of its electric 
charge. The electric charge of a membrane depends on the solution 
which is or has been in. contact with it and on the nature of the 
membrane itself, A study of the electric charges of surfaces by a 
variety of methods leads to the following conclusions as to the influence 
of the nature of the membrane itself in determining its relations to 
electrolytes : (1) Different membranes in the same solutions may 
acquire -different electric charges (difference in iso-electric points). 
(2): Different membranes possessing the same charge in the same 
solution may require different concentrations of the same electrolyte to 
_— produce equal changes in their charges (difference in inertia). . 5 
The physiological expression of, a difference in iso-electric point of 
a the membranes of different hearts would be that one heart should 
behave i in a neutral solution as another would behave in an acid or an 3 
alkaline solution, other conditions being equal. The heart of the mollusc 
Pecten mawimus differs in this way from all the vertebrate hearts 
studied. Perfused with ‘neutral saline’ (5M NaCl + CaCl, 005M) 
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‘the ‘heart stops instantly in systole. It will beat if the H- concentration 


of: the solution is raised very slightly: further rise causes diastolic 


artest. The blood of Pecten is neutral in reaction but it contains much 


Mg. Mg: added ‘to neutral saline’ in concentration about IM 
enables this solution to maintain the beat well for hours. Sea water 
whith from analysis appears to differ in composition from the blood 
very little, stops the heart at once in systole. This is because it is 
slightly alkaline. (Cy: of sea water ca. 10 of Pecten blood ca. 10.) 


Ses water neutralised by the addition of HCl forms an: excellent 
perfusion fluid for the heart of Pecten. As predicted theoretically, 


Mg: may be replaced by a very small concentration (about 00003M) 


of a simple trivalent ion. If the concentration is raised a little farther, 


diastolic arrest ensues as in other hearts. 

The second conclusion formulated above finds biological application 
in the differentiation of the hearts of more closely allied species.. The 
hearts of the elasmobranchs Raia (clavata or blanda) and Sqylliim 
cantcula are kept beating well for hours by perfusion with the same 
solution (NaCl, KCl, CaCl,, MgCl, and urea, aerated; Cn. about 10 
Increase in conc. of Mg’ slows the heart beats and if carried far enough 


stops them. The ray heart is much more sensitive to Mg than is the 


dog-fish heart. Concentrations of Mg’ about 6 or 7 times as great for 
the latter as for the former are required to produce equal effects. A. 
similar difference exists in the — ‘Sensitiveness of b hearts ‘to: 
the simple trivalent ions. 

The heart of Rhina as its to 
ions takes a position between Raia and Scyllium though much nearer 
the latter. On morphological grounds Rhina is Placed in classification’ 
between the Raiidae and the Scylliidae. It is possible that by 
extension of work on these lines we may learn to oo certain — 


All the hearts which 3 been e 80 far, agree in e 
relations to Ca, Sr, and Ba which confirm the conclusion? that these ions 
form some special chemical combination in the muscle, masking the 


| relatively feeble effect of their electric charge. 


All the hearts agree in showing (a) a 3 to simple 
“trivalent j ions at least 10,000 times as great as to the divalent Mg, (b) a 
much greater senaitiveness to simple than to — trivalent kations 
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These features also characterise the relations of negative colloids of : 


the ‘emulsoid’ type to electrolytes, distinguishing them from those of 


the ‘suspensoid type, for which the ratio of activities of divalent to 


simple trivalent ions is of the order of 1 to 30 and towards which the 


complex trivalent ions are as active as, or more active than, the simple. 
The difference in the relative charging efficiencies of the simple and 

complex: trivalent ions is probably related to the ‘possession by the 

latter, but not by the former, of polarity with respect to their —— 


of the — ‘By H. BSc, — 


(Communicated by FRS) 


investigations I have on the “Growth in 


the Mammary Apparatus of Dasyurus (to appear shortly. in the Quart. 


Journ. Micro. Sci.) have, I think, thrown some light on the cause 25 
growth of the mammary glands. 15 
Experimental evidence (Eckhard, Ribbert, Golz and Ewald) 5 


the case of the confinement of one of the Bohemian Pygopagous twins 
have ruled out the possibility of the growth being due to nervous 


influence and pointed to the presence of a hormone. This 1 * 
be ‘generally accepted. 4 

The place of origin of such a hormone however is still under 
discussion. It has been suggested that it originates in the fertilized 
ovum and foetus (Starling and Claypon) and in the placenta 
(Halban).- In Dasyurus during pregnancy we. find that the growth 
of the mammary gland occurs in two stages: (1) A large increase in 
the number of glandular cells occurs, brought about by mitotic divisions 


and leading to the formation of secretory acini. (2) This is followed by 


a cessation of formative growth and a large increase in the size of 
the, individual cells together with a huge distension of the alveoli. 


Practically the whole of the formative growth occurs before the 


_ formation of the placenta, Further a precisely similar growth of the 
- Mammary gland occurs in those animals in which ovulation is not 
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followed by pregnancy. This growth has also been described in 
non-pregnant rabbits (Frank and Un ger) Thus it is unsatisfactory 
to regard either fostus or placenta as giving rise to this hormone, This 
is farther emphasized by the fact that virgins have been known to give 
milk (Heape, Gelhorn). 


The other suggestion is that the hormone originates in the ovary — 


(Halban in cases other than pregnancy, Heape). It is obvious that 
this hormone is not produced at all times by the ovary but only at 
certain periods, e.g. puberty, oestrus and pregnancy, at which we have a 
growth of the mammary gland. These periods are characterised by 
ovarian activity resulting in the rupture of the Graafian follicles and 
formation of corpora lutea. The corpus luteum is a gland (Prenant) 
and its secretion has considerable influence on the early attachment of 
the embryo (Fraenkel, Marshall and Jolly). In Dasyurus the life 
of the corpus luteum in the pregnant (Sandes) and non-pregnant 
animal can be divided into three stages (1) period of formation, (2) 
period of growth, (3) period of constancy. The formative growth of the 
mammary gland also falls into three divisions (1) commencement. of 
growth, (2) period of active growth, (3) period of constancy. These 
three periods in the corpus luteum precede by a short time the 
corresponding periods in the mammary glands in such a manner as to 
suggest cause and effect. It is stated also, (1) that removal of the 
ovaries (containing corpora lutea) is followed by cessation of growth and 


regression of the mammary gland (Starling and Claypon) and (2) that 


growth of the mammary gland follows on the experimentally induced 
formation of corpora lutea (Ancel and Bouin). — 

The totality of the above evidence appears to justify the conclusion 
that, “the corpus luteum is a ductless gland producing a secretion 
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A. G. Levy: (A ‘further ‘communication. ) 


rom te Rach ofthe Mata . 


a (Pros Phys. Soe, Jan. 21, 1010 
1 I deserbd some cases of sudden death in cats, which happened in the 


course of experiments under light chloroform anmsthesia, and which 


were due to fibrillation of the ventricles. I am now able to state that 
the deaths, which occur so frequently during the induction of chloroform 


gniesthesia, conform to this same type. Cessation of the heart's 


action, under these circumstances, occurs when the animal is obviously 
only imperfectly antesthetised, and it is first indicated by a period of 


forced respiratory efforts, this being simply the physiological sequence 


of a rapid and complete circulatory failure. These respiratory efforts 


may, on occasion, be accompanied by loud expiratory: groans, or by 
— spasm, tail spasm being characteristically frequent. 


I have now observed eighteen cases of death of this nature, and 4 


alec three cases of a similar collapse followed by recovery. In twelve 
instances the percentage of chloroform which was being administered 


was registered, and in none of them did it exceed 2% On five 
occasions in which the percentage had been noted the heart was rapidly 
exposed immediately after death, and in each case I found the ventricles 
had ceased to beat but were exhibiting fine fibrillary contractions, more 
especially over the interventricular septum: The auricles continued to 
beat feebly_ for a long time, but in two hearts a short period off 


fibrillation in the right auricle was observed. The left auricle was 
always bright red in colour and contrasted with the purple hue of the 
right auricle. 


The factor, in nearly all these cases, which preceded the onset of 


ventricular fibrillation was the withdrawal of the chloroform before 


a full degree of anesthesia had been induced. 
Illustrative case (1). 1% chloroform was administered by an ad 


plenum method for four minutes and the inhaler was then removed. 


As a consequence the cat immediately sneezed once and moved its 


bead round gently, but there was no other movement. In twenty 


a> 


4 . 


* 


x 
* 
— 
J 
i 
‘ 
‘ 

* 

7 

* — 

4 j 

4 

7 

8 

— 

— 

‘og 

. 

3 
* 
2 
* 

J 

* 
4 

* 

ose 

2 
‘ 

tisk 

8 

4 
i 
154 


* 


* 


7 


3 

43 
* 


SOCIETY, OOT, 101. xix 


seconds from the time of taking the chloroform away the heart’s action 
was felt to cease abruptly, and after the usual period of forced respi- 
rations, the animal was found to be incapable of resuscitation. The 
cat was perfectly quiescent at the moment of cardiac failure, which was 
distinctly noted by digital palpation. 

It frequently happened that some degree of struggling or sneezing 
immediately preceded death, and, more rarely, I have observed violent 


struggling to determine ventricular fibrillation even | during ev 


inhalation of a low percentage of vapour. 


Illustrative case (2). 1% chloroform was given for seven oe 4 


half minutes. Spontaneous: and violent struggling then ensued and 
terminated in a period of forced respirations with loud phonation.’ The 
heart was found to have ceased beating, but it resumed its action about 


thirty seconds later in the course of some small terminal. respirations, 


This animal recovered permanently. 


In a large number of instances the inhaler had been reapplied, on 


account of the animal showing signs of recovery, just previous to the 
heart’s failure. The association of this act of reapplication with death 


is possibly nothing but a natural coincidence; at least I have at pant 


no definite evidence to establish a causal relationship 
Cats are further very liable to die from this same cause when 
recovering from fully established anssthesia, and I have met with six 
additional deaths in this category. (Ventricular fibrillation being sought 
for and confirmed by P.M. in two of these cases.) 
By administering a vapour of 2°/,, or thereabouts, in a perfectly 
continuous fashion, cats may be anesthetised without any risk, even in 


the event of violent struggling; at least that is my experience in over a 


hundred consecutive administrations. 
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The formation and estimation of Methamogicbia. * 
BarcrorT and FRANZ MOLLER. 


(Preliminary Note.) 


0 Methmmoglobin i is formed quantitatively when potassium nitrite 


is added to blood, the amount of hemoglobin converted containing an 


amount of dissociable oxygen equivalent to that menses to convert 
the nitrite into nitrate. 

Hydroxylamine sulphate similarly brings about a quantitative con- | 
version Magnesium chlorate does not do so. 

(2) Methemoglobin in blood may be estimated by 
two operations (a) a comparison of the oxygen capacity with that of 
a standard blood, (6) Colorometric comparison of the blood for 
estimation with the same standard, the hemoglobin in both 3 
turned into methæmoglobin. 

(3) Two mild cases of methemoglobin poisoning — no 
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On the ovarian concerned in the reourence of 
By F. H. A. MansRAII. 


It has been shown that heat (i. a. procestrum. ond „ 
cannot recur after complete removal of the ovaries, but that successful 
transplantation of these organs to an abnormal position does not prevent 
the repetition of the cycle. The inference is, therefore, that heat is 

rought about by one or more internal ovarian secretions. The object 


of the present investigation was to elucidate the problem as to what part 


of, the ovary is responsible for the recurrence of the procstrum and 
Gstrum It cannot be the corpus luteum, as supposed by Fraenkel, 
since in dogs, at any rate, ovulation does not take place until estrus, and 
the corpora lutea which. begin to develop at that time degenerate long 
before the next heat period. It would appear, therefore, that the 
ovarian factor in the causation of ‘heat’ is to be sought for either, in 
the ripening follicles or in the interstitial cells. 

In the dog the ordinary cestrous cycle extends over about 8 


but there is some individual variation. In the present investigation 


two terriers were obtained and kept for over a year, the periodicity. of 
their cestrous. periods being noted. In the first case the cycle was found 
to be about five and a half months. The dog was operated upon three 
weeks ‘before a new period was due. The ovaries. were, exposed and 
every follicle showing on the surface was pricked with a knife or. needle; 
nine. follicles.in: all being ruptured in this way. The animal recovered 
rapidly from the operation, and three weeks later experienced heat of 


normal duration and severity:. Within a week after cestrus she was 


killed, when. the artificially ruptured: follicles. were ſound, but vo 
are: corpora lutea or ripe follicles. wete: present. The ruptured 
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follicles were very abnormal, since they contained large cavities sur- 
rounded by tissue resembling degenerate luteal tissue. Epithelioid 


interstitial cells were numerous outside the follicles. In the second 


case heat was noticed to recur at intervals of about seven months, 
and an operation identical with that described above was performed 


about two months before a period was expected. Normal heat was 
experienced Just two and a half months after the operation. After 
 . Killing, the remains of the artificially ruptured follicles were found. ah 


The. probable conclusion is that heat is not brought about by the 


ripening follicles, but that the process of maturation and the phenomena 2 
of procstrum and cestrus are both results of some further factor which 
is probably to be sought for in the ovarian interstitial cells. This 


conclusion, although contrary to what appears to be the prevalent view, 


is in conformity with Heape’s observations upon monkeys, in which ä 
menstruation was found to be not necessarily associated with either 


mature follicles or corpora lutea. 


The work was — on at The Field 


Cambridge. 


Interpretation of the ‘protective action’ of gelatine on 


colloidal gold. By G. R. Mixxs. 


It is well known that the addition he 4 very small 8 


of gelatine to a gold sol has the effect of rendering it much less 


readily precipitable by salts: Two hypotheses have been advanced to 
account for this effect: (A) The gelatine forms a very thin coating 
over each of the gold particles, which protects them from the action 


of electrolytes. (B) The gelatine particles, existing side by side with 


the gold, adsorb electrolytes when these are added to the solution, thus 


1 the gold particles from their action. 

The observations I have collected on the influence of 3 on 
the electric charge of different types of colloids provide a simple and 
definite method of testing these hypotheses. Negative suspensoids 
and emulsoids may be distinguished by the very different ratios between 
the concentrations of certain kations needed to e equal changes 
in their electric charges. 

For simple kations, if the concentration of a trivalent ion needed to 
produce a certain change in the charge is called 1, the concentrations 
of divalent and of monovalent ions (excluding H') required to produce 
the same effect will be # and *. The value of & for a clay suspension 
is about 5, * sol it is about 30. But for * emulsoids the 
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value of & is far higher; it is of the order of 10,000. Suspensoids 
and emulsoids also differ greatly i in their relative sensitiveness towards 

simple and complex trivalent ions. The study of these ratios reveals 
the existence’ of intermediate states between ‘suspensoids’ and 
‘emulsoids’ such as are indicated by theoretical considerations. . ~ 

Colloidal gold is precipitated by the complex trivalent ion rather 
more easily than by the simple trivalent ion. Gelatine has ite electric 
charge altered very much more easily by the simple than by the 
complex trivalent ion. I take it that this means that gelatine adsorbs 
the simple more easi'y than. the complex trivalent ion. 

Now if hypothesis (A) is correct, the ‘protected’ gold sol should 
be less sensitive to the complex than to the simple. trivalent ion. 
Moreover, the ratio 2 should be increased in the protected gold sol. 

For by the hypothesis the gold particles are provided with an emulsoid 
coating, and should therefore behave more like emulsoid particles. 

But if hypothesis (B) is true, we should find the reverse relations. 
The gelatine particles would adsorb relatively more of the simple 
trivalent ion than of the complex trivalent ion, thus leaving a greater 
concentration of the latter than of the former to attack the gold. In 
the same way the value of M should be decreased in the protected sol. 
For gelatine would adsorb proportionately less of the simple divalent 
than of the simple trivalent ions, leaving a relatively — con- 
centration of the former to act on the gold. 

Experiment very definitely confirms the predictions which follow 
from hypothesis (A) Determination of the liminal concentrations of 
various ions needed to produce precipitation show that colloidal gold 
‘protected’ by the addition of a very small concentration of gelatine 

(about 001 % , differs in its relations to electrolytes in the following 
respects. The value of 4 is largely increased (in other words the 
reduction in sensitivity towards simple divalent ions is enormously 
greater than the reduction in sensitivity towards simple trivalent ions). 
The protected gold is far less sensitive to complex than to simple 
trivalent ions. We see then that hypothesis (A) is strongly supported. 

But a further test is possible on similar lines. The gold sol is not 
particularly sensitive to hydrogen ions. Hardy found it only about q 

twice as sensitive towards H+ as towards Na’. But gelatine has its . 
negative charge reversed with great ease by small concentrations of = 
acids. We should expect then the ‘protected’ gold to be actually 
more sensitive than the ‘unprotected’ gold towards hydrogen. ions. 

I This accounts for the common assertion that emulsoids are insensitive to salts. 
Many of them are as a matter of fact quite sensitive to simple trivalent kations. — 
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This is confirmed’ by experiment. With the particular sol 1 


employed, the addition of 001°/, gelatine reduced the concentration 
of avid needed to cause settling to a tenth. The sensitiveness of the 
‘protected’ gold to acid is easily overlooked if a: larger eoncentration 


of acid is employed than that required to cause aggregation. If for 


example the concentration of acid needed to precipitate ‘unprotected’ 
gold is added to the protected sol, no visible change occurs. This 


is because the particles with their gelatine coatings all acquire n 


positive charge in the acid solution, as is shown very sharply by the 


electric migration method. The ‘protected’ gold with acid added in 

excess: of the small amount needed to cause precipitation, drifts. in an 

electric field rapidly towards the kathode. Neither the gelatine: hou 


‘The influence of salts upon the ction, of on’ silt. 
F. STANLEY KENT. 
the Laue of the Univereity: of, 


The present communication deals with some 


of the above enquiry. 
The following facts have been established: 
1. The weight of dry curd obtainable from a given 2 of 
milk by the action of rennet is influenced by the nature and amount of 
the salts present. 

2. It is possible to increase the 5 of dry curd obtainable from 
a given quantity of milk by an appropriate addition of suitable salts. 

3. The additional weight obtained in No. 2 is apparently due 
principally to the presence of an increased amount of fat in the curd: ~ 


4. The increase in the amount of protein in the curd brought 


about by the addition of salts to the milk appears to be small. 
5. It is possible to modify the physical character - “strength ”) 
of the curd by the addition of salts to the milk. eee 
The work is being continued. 


a grant from: the Agricultural: Instruction Committee: of the Somerset 
County Council to the Economic: Biology Department: of ‘the University 


University.) 
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Apparatus for perfusing the frog’s ventricle. By W. 
Symes. (Preliminary communication.) 


The following apparatus for perfusing the frog’s 3 is con- 
wpicuously simple and convenient. 

; The cannula is a single glass tube, about 9 c.m. long, with an 1 
f diameter of 6-8 mm., open to the atmosphere at the top, devoid of 
artificial valves, and fixed vertically. : 
Is inlet (side-tube) is connected, in the usual way, to two 
reservoirs provided with outlets (D, E) which serve also to empty the 
cannula prior to changing the perfusing fluid. The cannula is fastened 
in the auricle by a thread passed dorsal to the aortic bulb, and tied 
round the (upturned) heart as nearly as possible in the sinu-auricular 
groove. 

The perfusing fluid follows the course of the blood stream, leaves 
: the ventricle by the aortic orifice, and streams downwards over the 
{ epicardium ; thereby perfusing the whole of the chamber without local 
; stagnatien, and keeping the outer surface continuously wet. 
+» Owing to the vertical direction and to the upper aperture of the 
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bubbles are automatically eliminated. The ventricular beat is pesordied 
by a lever connected to the apex by a light clip. 


The perfusing fluid is rapidly and thoroughly changed, eg. by — 
pinching the rubber tube C, emptying the cannula ** opening D, and 


the spring clip from B to 4. 


% 
A 


Magnified 14 times. 


‘The tubes C and F led to aks, 
piece at Borat 4. To save space, 


tho recording lever is omitted. The figure does not show the auricle. — 


‘A frog’s ventricle, perfused with Locke’s fluid, on the 7c SE 3 
continued to beat for over sixty hours. 
I be separate parts, as well as the complete apparatus, are e 
from Mr John Sinclair, Physiological 


A new commutating and reversing key. By H. G. 9 


This key was designed to replace Pohl's commutator. Keys 


employing mercury have the disadvantages that the mercury may be 
spilled and may undergo oxidation and become dirty. Keys made of 
metal and designed to replace Pohl’s commutator tend to become 


‘erratic in use from failure to maintain good contacts at the metallic 
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surfaces. In the present key the blades used to. make contact are 
caught between metallic springs and special means are adopted to 
ensure contact at the axes of rotation of the blades. 

The key is shown in the figure (Fig. 1). Two blades are attached 
by screws to either side of a vulcanite block fitted with a handle and 
spindles are attached to each side of the block through the blades. 
The vuleanite block insulates the two blades and spindles. Two drilled 
rectangular blocks (at the left in figure) fitted with binding serews serve 
as bearings for the two spindles to which the double blades are attached. 
The spindles are made of such a length that the knife blades may be 
moved from side to side between the blocks by sliding the spindles 


Fig. 1. Photograph of the key for use as a commutator and reverser. 


laterally through the bearings. To ensure a good contact where the 
spindles pass through the ‘bearings, a hole is drilled in the block from 
below at right angles to the bearing to open into it, and a small length 
of spiral spring is inserted in this drilled hole. The spring presses on 
the spindle and ensures a reasonable contact between the bearing and 
the spindle, The blades are separated by such a thickness of vulcanite 
that they may be brought between the springs attached to the three 
blocks seen on the right in the figure. By moving the vulcanite block 
by its handle from side to side the blades can make contact with the 
centre and either outer block. These three blocks are fitted with 
| a2 


88 N — 
— 
é 
* 
7 
44 
* 
‘ 
— 
* 
“ 
a 
oy 4 
3 2 
* Re 
4 
2 
a 2 
2 
* 2 
ag 
* 
2 
a 
* 
1 
= 
‘4 
* 
we 
: 
Ry 1 
; 
23 
- 
4 4 


‘xxviii PROCEEDINGS OF THE PHYSIOLOGICAL 


binding screws. The outer blocks can be brought into connection by a 
blade which rotates on a screw holding a ring washer in firm contact’ — 
with the blade. A spring serves to keep the other end of the blade in 
contact with the opposite block (lower right in figure). These two outer 


blocks with the blade connecting them can serve as an efficient key for 
short-circuiting currents. 
The binding screws employed can be varied for different purposes. 


In the instrument figured the wires are passed through drilled holes 
and held in place by screws. Binding screws in which the wires are 
held between parallel surfaces can however be attached to the blocks. 
The metal blocks can be mounted on a base of wood or vulcanite. The 
key is used in the same manner as that designed by Roaf and Smith’. 


My thanks are due to Mr A. H. Masters the mechanic in the Depart- 


ment of for much assistance in 


Simultaneous Colour Contrast. By F. W. 


a Many difficulties in the solution of problems of colour vision have 


arisen through the confusion of objective red light with the physiological 


sensation of red. The Young-Helmholtz theory assumes that the 


three hypothetical sensations are stimulated by all kinds of light but in 


different degrees according to the wave-length of the light. According 


to this theory the sensation of yellow is composite even when the sensa- 


tion is produced by pure yellow light. Helmholtz says, “Prismatic — 


yellow stimulates the red and green sensations moderately strongly and 


the violet sensation feebly.” According to this theory it should be | 


possible to see red in the absence of objective red light either by con- 
_ trast or by fatiguing the hypothetical green constituent of yellow. The 


best method will obviously be that in which both factors are combined. 


I therefore constructed a series of colour contrasts, a small square of one 


colour being placed in the centre of a larger square. These colours 1 
viewed through spectacles glazed with blue-green glass. This blue- 


green glass is absolutely opaque to the red rays . 4646 to the termina- 


tion of the spectrum, there is considerable absorption from X646—A588, 
the rays are partially obstructed, whilst the is 


Journ. of Physiol. p. xiv. 1906. 
The instrument can be obtained from Mr Masters. 
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transparent to the green, blue and violet rays. ‘When objects are viewed 
through these spectacles not a trace of red is to be seen either directly 
or by contrast. An ordinary coal fire appears to consist of only yellow 
or yellow-green flames, no orange or red being visible. The yellow light 
of the spectrum or a yellow object adjacent to a green one still appears 
yellow and the colour appears if anything to incline towards green 
rather than red. Reds appear black, or in a very bright light and when 
they reflect orange rays a dull brown. Yellow, green, blue and violet can 
be seen through the blue-green glasses. White objects at first appear 
blue-green but after a short time again appear white. Black appears 
black without a trace of red. Objects corresponding to the dominant 

_ wave-length of the blue-green glasses appear white, gray, blue or green 
according to the amount of light reflected and the composition of the 
colour. 

Sir William 3 whose vision on my classification is trichromic 
(that is, he describes the bright spectrum as consisting of red, red-green, 
green, green-violet and violet), examined my series of contrasts through 
the blue-green spectacles and in no instance called yellow, red. He 
rather tended to call yellow, yellow-green, or, to use the term which he 
prefers, green with a very small amount of red in it.“ It would appear 
therefore that the exaggerated simultaneous contrast which I have found 
to be characteristic of these cases is not found in the absence of the 
objective exciting light. 

These facts are totally opposed to the Hering and Young-Helmholtz 

theories of colour vision and the modifications of them. On the Hering 
theory black especially when surrounded by white, when viewed through 
the blue-green glass, should appear red, whilst spectral yellow with the 
eye fatigued for green should appear red on the Young-Helmholtz theory. 
The facts are consistent with and cats —— the theory of colour 
vision which I have propounded’. — 
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: | BMects of the movement of air and of water upon the pulse | 

rate in man. By E. R Lytu. (Communicated by Z. H. Starling.) 
A cold wind has a definite influence in raising the pulse rate. 

This effect may be so distinct that variation of the wind may be 


uA recognisable even in individual counts. 


Average Nate Standing. 


No. of counts 
Air temp, 44° 872 976 


8 18-5 
Air temp. 65° 23 
Average Rate Sitting. 
High NE. wind 4 


Air temp. 70% 10 76'2 61 


Cool sea breeze „„ 80˙6 | 


Similar results are . on a moving cable. 


Tramear, Siting. 


Vo. of counts Inside Outside 


Air temp. 42° %%% 
Air temp. 61° 


The effects of continued exposure to a cold wind or to movement of 
the body through cold air may be progressive, eg. during a ride in an 
open motor car the rate was found to mount gradually from 90 to 100 


to 112 to 120 in the — of about an hour and a half. 


Effects of the movement of water upon the pulse rate when 
the body is immersed. 


| The movement of water produces effects upon the pulse rate which 
vary according to the preceding state of the circulation and the existing 


thermal . of the skin to the surrounding medium. 
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5 the water is colder than the skin the pulse rate 88 
_ accelerated (after any previous acceleration of the rate * to the 
of heat has disappeared): | 
Temp. of water 89 F. 
Temp of skin of 3 — 914 
Pulse rate with water at rest 64 
Pulse rate with water in motion 124 


5 IL It the water is hotter than the skin the pulse rate 3 
accelerated (after any previous acceleration owing to 2228 influence of 
cold * disappeared): 


Temp, of water 1007 
Temp. of skin of abdomen . 969 
Pulse rate with water at rest 65 

Pulse rate with water in motion 124 


III. ‘Ifthe difference between the temperatures of the skin and of 
| the water is slight the effects are slight: 


Temp. of water 925 94 90% 98⁰ 100° 


Temp.ofskinofabdomen .. 94 9% 100 
Pulse rate with water at rest . 82 107 ˙5 
65 


| "Phe oxygen exchange of the suprarenal gland. By K 0. 
NEUMANN.. (Introduced by J. Barcroft.) eee notice.) 


The following data form a summary of the oxygen exchange of the 
suprarenal gland and of the blood flow through the gland 


Numberof Blood flow of 


060. %. Olec. 085 0.6. | 40.0. Cee. 27.0. 
00 010% 08 0.6. 420.0. 1%, 2600 
In two experiments in which I have injected O1 mg. of adrenalin 
intravenously I have observed a slight increase of the blood flow. 
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‘Phe control by the eplanchnte nerves of adrenalin 
By T. R. 


Several workers aes published experiments to prove that electrical — 


excitation of the splanchnic nerves causes an excretion of adrenalin into 


the blood, using for its demonstration either the immediate effect on 
the animal’s own blood-pressure or the augmented pressor power of the 


blood coming from the suprarenal vein, when injected into a second 
animal, It is not easy to perform such experiments in a way that 
shall be free from. fallacy. 


Instead, I have estimated the amount of adrenalin in the glands 7 
before and after excitation. This is roughly indicated by the depth of 


yellow brown tint assumed by the medullary cells, when hardened with 
solutions of chromate salts; but it can be ascertained with great 
accuracy by intravenous injection of their extract into a cat with brain 
and spinal cord destroyed and without anwsthetic. The blood-pressure 
of animals so prepared reacts with mechanical accuracy to any given 
dose. By comparison with the curves obtained in the same animal 


with a standard solution of synthetic suprarenin, the adrenalin may be 


assayed to an accuracy of 01 mgm. The glands of a normal adult 
cat contain almost exactly the same amount on each side, 25 to 35 mgm. 


The high figure is with animals that have been well fed and resting in 
‘the laboratory for some days: recent admissions always give a lower 


yield, especially when bad tempered. 
In the following experiments definite exhaustion of the adrenalin 
was produced through the splanchnic nerves. 


(a) The cat was rendered unconscious by passing a stilette 8 a 


the foramen magnum and forward above the bulb to destroy the cerebral 

hemispheres. It continued to breathe, and the blood-pressure persisted 
at a high level. On the right side the splanchnic nerves were then 
cut by a lumbar extraperitoneal dissection, on the left side they were 
dissected out in the same way, but not cut. After 4 hours, bl.-pr. 100 


to 140, the cat was killed, and the adrenalin content of the suprarenals 


found to be 
right, wt, 23 gm., 34 mgm. left, wt. 225 


In a similar experiment the medulla on the intact side was ſound to 


have lost completely its capacity for the chromaffine stain, whereas that 
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(5) A cat was anssthetised with ether, and only the left splanchnics 
cut. After 6 hours ether, with a bl.-pr. of 150, the analysis gave 


right, wt. 215 gm. 11 mgm. left, wt. 21 gm., 22 mgm. 


In another animal the right suprarenal alone was excised. After 63 


hours ether, with a bl.- pr. of about 110 mm., the remaining left gland 
was excised. Both were then extracted for adrenalin 


right, wt. 2 gm.,='26 mgm. left, wt. 2 gm. = "07 mgm. 


Lastly the right gland was excised, and the left splanchnics cut. After 


7 hours ether, bl.-pr. of 140 mm., the two glands were analysed 
right, wt. 26 gm.,= 28 mgm, leſt, wt. 30 gm.,= "23 mgm. 
Thus it is clear that the irritation of a cerebral puncture and 


) hemorrhage, and that of simple ether anwsthesia, are alike attended 
by a centrally excited loss of adrenalin. | 


(c) Subcutaneous injection of tetrahydronaphthylamine sbi a cat 
into a state of great alarm lasting for several hours: the hairs are 
erected, and the eyes dilated persistently. As analysed by Jonnescu, 
this sympathetic excitation is chiefly peripheral: but the psychological 
alarm arises centrally, for it is manifested equally well when the spinal 
cord has been transected at the first thoracic segment. During it, the 
suprarenal glands lose much of their adrenalin. 

The right splanchnics were cut and allowed to degenerate for 14 
days: the drug was then e and the animal killed while still 


under its influence 


right, wt. 28 gm.,= ‘30 mgm. ‘left; wt. 21 gm. 15 mgm. i 
_ Similarly after the drag, the chromaffine stain was lost on the intact 
side, deep brown on that of the cut nerves. After degenerative section 


of the splanchnics on one side, there is no contrast between the two 


glands in animals that are resting in a quiet environment. 

Pilocarpine does not cause any appreciable exhaustion by peripheral 
excitation. 

In odd contrast. with the above results, I have not succeeded in 


demonstrating any exhaustion of adrenalin 


17 
& 
* 
— 
ad 7 
N. 
* 
* x 
> 
4 

7 

‘it 

? 

§ 
4 
8 
— * 
= 
& 
Z 8 8 5 
1 
4 * 
* 
4 
8554 
* 

ae 

4 

<a 

44 
: 
x 

aa 
E. 
¥ 

— 
x 
5 
2 

* 
> 
* 
* 
8 
* 

* 
d 5 
5 
t 
i 
4 

* 


 PROOEEDINGS 
or THE 
"PHYSIOLOGICAL soctery, 


Sear 20, 1912. 


new test for colour blindness By F. W. 


"Amongst the tests for colour blindness pseudo-isochromatic methods 


have occupied a first place. If cases of colour blindness were identical 


these methods would be more reliable than they are. Cases of colour 
blindness however differ, in fact it is difficult to find two cases exactly 
alike. If a peeudo-isochromatic match be found for one dichromic 


and letters of the one colour be printed on a background of the 


confusion colour he will not be able to read them. Another dichromic, 


however, may be able to read these letters quite easily. For instance, : 
he may have much greater shortening of the red end of the spectrum, 
and the subtraction of the red rays from one colour will make that 


colour much darker than the other colour of confusion. On account 


of the fact that simultaneous contrast is increased in the colour blind, 


it is necessary that both colours of confusion should correspond to 
two points well within the monochromatic regions of the observer. 
These are the main objections to pseudo-isochromatic tables if we 


exclude the extreme difficulty of accurately producing them. Quite 
apart from this the fact that the two colours are regarded as identical 


by the colour blind can be utilised in a far easier and more , 
manner. 
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If we have a number of coloured objects in which the confusion 
colours of the colour blind are accurately represented the colour blind 
by classifying or applying the same name to coloured objects which, 
are plainly discriminated by the normal sighted as dissimilar immedi- 
ately betray their defect. 


The method. which I am now about to describe is that of my 
classification test'; whilst not intended to replace my lantern, it forms 


a ready means of detestir 


ng the colour blind. The test consists of a 
number of coloured beads in which every variety of confusion colour 
of the colour blind is well represented and a box with four compart- 


ments into which the beads can be dropped. The aperture to each 
of the compartments is such that the observer cannot see the bead 
_ after it has been dropped into the box. The four compartments of the 
box are labelled Red, Yellow, Green and Blue. 


Directions for conducting the test. The examinee is told to pick 
out from the beads in front of him, which are placed on the white 
porcelain lining of the box, all those that are red, keeping as nearly 
as possible to the exact hue but selecting those that are lighter or 
darker of the same colour, and to drop them one by one into the 


5 compartment labelled Red. He then goes through the same process 


with the three other colours; he is not allowed to compare the colours 
directly but must select them entirely according to the name which 
he gives to the colour. It will be found that whilst the normal sighted 
are able to select the correct colours with the greatest ease, the colour 
blind will make their characteristic mistakes. This test like the 
lantern will detect cases of colour ‘seotoma as well as those 0 2 8 


Colour blindness. 


The Test is made by Meyrowits, 1a Old Bond Site. © 


A method for calculating the number of capillaries that 
are filled with blood in the human body. . M. FELDMAN. 
ntroduced by Prof. Langley.) 
Vierordto in 1848 calculated the total sectional area of the ‘ie 
in the body from a knowledge of the velocity of blood in the aorta and 
capillaries respectively. For since the velocity is re — 
to the sectional area, therefore, 
velocity in gorta area of capillaries 
velocity in capillaries area of aorta" 

Hunterian Lectures on Colour Vision and Colour Blindneu, Kogan Patl & Oo, 

1911, p. 66. 
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Taking the velocity in the aorta as 324 ee hen ake 
capillaries as Ob mm he obtained the total 


capillaries as 1 (= 500 times that of the aorta. 


From result it is easy to find the number of capillaries | in the 
body, if we Mygltiply 648 by the sectional area of the aorta (600 sq. mm.) 
and divide the product by the sectional area of a single capillary | 


(or 94. mm.) | 
Thus, the number of capillaries — 
2648 x 600 & 25900 | 
= 5 x 10° approximately. 


It occurred to me, however, that the result may be 3 at in a 
somewhat different way, which has the advantage over Vierordt’s method 
in that it may be applied to find the number of capillaries. not only in 
the whole body, but in different organs of the body such as the lunge, 
kidneys, etc, 

Microscopic measurement of the diameters of capillaries in different. 
parts of the body or of the particular organ, gives the average diameter 
of a capillary. The circulation time can also be easily found in the case 
of animals, and by a simple relation, to be hereafter mentioned, can also 
be applied, though with less certainty, to man. Also the volume of 
blood in the human body can be ascertained by Haldane and Lorrain 
Smith’s CO method. If now the linear velocity of blood in capillaries. 
be determined—as has been done by Vierordt« in the case of the 
retinal capillaries—all the data are at hand for the required calculation. 

Now, taking the average diameter of a capillary as 10 (4 = un mm.) 

and the linear velocity in it as 3 mm. / sec. we have 
volume of outflow which = linear velocity x cross section 
3 = $n 


equal the time of about 28 heart beats; hence taking the pulse frequency _ 

in man as 70 per min. 

| ‘Therein total volume of outflow from one capillary | 

pone = 24 x 000004 = about 0001 cub, mm. 

. mm. 

But the total volume of outſlow from all the 1 is the volume 

of blood in the body which is about 5000 ce. in a 225 * 
| 70 kilograms = = 5,000,000 c. mm. | 
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Therefore if n= number ot get | | 


00 
whence n = 5 x 10. 


From we can obtain the total sectional area of the 
multiplying this number by the sectional area of one capillary. This 
comes out as 4x 10° sq. mm. Dividing this result by 600 which is the 
sectional area of the aorta in sq. mm. we get that the total sectional 
area of the capillaries = about 660 times that of the aorta. — 

It is evident that by taking the circulation time in any particular 
organ, and finding the volume of blood in that organ, one can arrive at 
an idea of the — number of capillaries in it. 


REFERENCES. 
~~ Archives 1. Physiol. Heilk. Stuttgart, p. 184. 
12) Journal of Physiol. xxv. p. 881. 


(8) der dee Bla, by Dr 
Vierordt. Frankfurt, 1858, pp. 41 and 111. 


The relation of the weights of the beast, liver and Kidneys 
to the body weight in cate By H. E. Roar. 


In a series of fourteen experiments it was thought necessary to 

measure the weights of the internal organs relatively to the — 
weight. 
It was found that the weight of the heart or liver divided by the 
body weight gave a figure that varied independently of the body weight. 
The weight of the kidneys divided by the body weight gave a figure 
that varied directly with the body weight. In order to obtain a figure 
that did not vary with the body weight it was necessary to divide the 
weight of the kidneys by the square of the body weight. 

In order to understand this relation one must remember that ‘eve 
is a certain amount of interrelation between the skin and kidneys. 
As the body weight increases the skin surface increases in relation to 
the two-thirds power of the weight. If the kidney increases reciprocally — 
to the skin it would increase in proportion to the 1°5 power of the body 
weight. That it increased more rapidly (namely the square of the 
weight) may be due to some other relationship than that suggested, or 
it may be due to an error involved in the — 

of weights 
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— contraction of 
H. E Roar. 


A rubber cylinder with rigid sails 7 removal of its contents 
collapses the two ends being drawn together. 

During muscular contraction the isotropic substance diminishes * | 
the anisotropic substance increases. By transferring the contents of a 
eylinder to a balloon these changes in muscles would be exemplified and 
a shortening would occur in both sections. 

The model consists of a rubber cylinder with rigid ends. To the 
top disc are suspended a number of rubber balloons. The whole is filled 
with water. By injecting a known volume of water into the balloons, 
and by removing a corresponding volume from the cylinder surrounding 
the balloons the length of the 9 — thus representing 
museular contraction. 


tene of inhalation of oxygen on the rate of the pulse 
in health. By JOHN PARKINSON. | 


It is generally accepted that the inhalation of oxygen W no 
effect on the pulse in health. It has, however, recently been stated by 
Benedict and Higgins that in their experiments with 90% oxygen 
mixtures in a respiratory chamber the rate of the pulse became slower. 
The following series of experiments on healthy students shows that the 
rate of the pulse ia reduced by the inhalation of pure oxygen at normal } 
atmospheric pressure. | 

Two experiments were made on each of ten students aad 4 control 
experiment on five of them. No selection was made as regards their 
normal pulse rate. The subject laid down for 30—40 minutes before 
any observations were made. A Muckenzie’s ink polygraph (with time 
marker) was then connected with the wrist and tracings were taken 
at intervals of five minutes throughout the experiment. By this means 
the personal factor in counting was eliminated and the rate of the 
pulse, was ascertained by examining the tracings at the end of the 
experiment. Three tracings were taken ten minutes, five minutes, 
and immediately before oxygen was given. Oxygen from a cylinder 
: - commercially pure) was then administered for thirty. minutes 


A rubber balloon in 2 filled can lift a weight by becoming . 
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through the bag and mask of an ordinary nitrous oxide inhaler with 
inspiratory and expiratory valves. During the thirty minutes of oxygen __ 
inhalation, tracings were taken at the end of each period of five minutes. 
Three tracings were taken five, ten, and fifteen minutes after the 
administration had been stopped. . 


The five control experiments were carried out in exactly the same 


manner except that a cylinder of air replaced the cylinder of oxygen. 
It is intended to publish the figures in detail later. The following 
tables _ the results and illustrate the method employed : 


calewlated from twenty experiments. 


— 


During oxygen: 


Pulse 654 (G52 6% 6 


‘After: 10 15 minutes 


Pulse . 66°8 65˙9 67˙2 


Phe rate at the nd of tach pri of foe . 


After 5 0 
After air ; | 


I am greatly indebted to Dr Leonard Hill for — in the 


of these experiments: 
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to tustrate the synthetic action of 
enzymes. By 


It is a matter of some difficulty to „ find suitable experiments : or 


the student to perform in order to convince himself of the fact “hat 


enzymes are capable, under appropriate conditions, of synthetic action, 


The chief difficulty is the necessity of reducing the amount of water 


present to a degree sufficient to admit of a measurable effect in a 
reasonable time. The method of Croft Hill of increasing the con- 
centration of the substrate does not enable the reaction to proceed 
fast enough; that of Dietz, who used amyl alcohol and butyric acid, 
which are partially synthesized to amyl butyrate by lipase in a day 
or two if not more than 8°/, of water be present, requires continuous 


_ shaking on account of the insolubility of the enzyme i in the reacting 


mixture, 
I have recently found that by the use of dicate to reduce the 
water content, the synthesis by emulsin of hydroquinone and glucose, 
to the glucoside, arbutin, can readily be observed in a week or less by 
the following method. This reaction has the advantage that the 
original mixture is dextro-rotatory whereas the arbutin formed is 


strongly laevo-rotatory, so that a comparatively small degree of synthesis 


can readily be detected by the polarimeter. | 
Prepare a solution of hydroquinone in glycerin, about 15 %. It will | 


de found to dissolve easily with the aid of heat. Glucose, on the other 
hand, does not very readily dissolve in pure glycerin and, if heated, 
some synthetic process occurs, which I am as yet unable to explain. 


It is best to dissolve it in water to a concentration of 50°/, and then 
mix this with an equal volume of glycerin. These two solutions, of 


_ hydroquinone and of glucose, are mixed in equal proportion, about 2% 
of emulsin added by rubbing together in a mortar, the mixture warmed 
to 88° C, to make it less viscid, and a number of test-tubes supplied 


each with 10 c. by means of a pipette. If greater accuracy is desired, 


the tubes may be weighed before and after the addition of the liquid 


and the specific gravity of the latter determined in order to obtain the 
exact volume in each tube. It is advisable to fill the tubes above the 


liquid with carbon dioxide, to avoid oxidation of the hydroquinone, 


a little toluene being added first, and then to seal the tubes in the 


blowpipe. This is not absolutely necessary, however. One sample of 
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in the polarimeter. The others are placed horizontally in the incubator 
and samples withdrawn at the desired intervals of time, say every three 
or four days. The tubes are cracked across and their contents rinsed — 


into a 50 c.c. flask. It will usually be found that the initial rotation 
of about 3° has become reduced to 0°5° in a week, indicating a synthesis 
of some 25 to 30% of arbutin. If difficulty is found in filtering clear, 


the No. 589, blue ribbon, papers of Schleicher and Schiill will assist. 
If the tubes are not filled with carbon dioxide and sealed it may happen 


that the solution becomes very dark from oxidation of the hydro- 


quinone; this may easily be removed by the addition of a small 
quantity of sodium bisulphite. It is best to avoid the use of charcoal ; 
in my hands it always causes loss of optically active bodies by 


adsorption. 

In order to be assured that the diminution of rotation is not due 
to actual destruction of glucose, it is advisable to reconvert the arbutin 
into its components either by the action of acid or emulsin. For the 


first purpose, one may take one of the samples, dilute to 40 C., add 
1 ee. of strong hydrochloric acid, heat on the water bath for three hours 
or so, make up to 50 cc. with water, filter and take rotation again. It 


will be found to return very nearly to its original value; a little loss 
of sugar seems unavoidable. 
It is more instructive, however, to effect the hydrolysis by the 


same enzyme that caused the synthesis. This may be done by diluting 


a sample to 50 ce. and adding a fresh supply of enzyme, since the 
original one will be too much diluted to act with any rapidity. Half 
a gram of emulsin will be sufficient to almost completely effect the 
hydrolysis in two to three days. Commercial emulsin is rather strongly 
laevo-rotatory, owing to the presence of protein impurity, so that a 
control experiment must be made with emulsin alone. Or, alternatively, 
the enzyme can be removed from the reacting mixture as above by 
precipitation with mercuric nitrate before the polarimeter reading is 


taken. It must be remembered, also, that emulsin is not very active 
in the presence of hydroquinone and glucose, even when these are 
considerably diluted. The hydroquinone can, if wished, be removed 


by extraction with ether before the addition of the enzyme. 


The experiment is of interest, also, with regard to the theory of 


catalysis. If the above mixture of glucose, hydroquinone and glyceri 


without enzyme, is heated to 100° C. for some hours, it will be found 


that a certain amount of glucoside synthesis has occurred. It is there- 
fore justifiable to assume that a similar reaction takes place, much more 
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slowly, at 38° C, although I have been unable to detect it after three 


to four weeks only. The enzyme, in fact, merely accelerates. a reaction —_ 
which is already taking place, although at an extremely slow rate, in 


accordance with Ost wald's definition of a catalyst. 


the nitrogen dissolved in the urine. By J. F. Twort and 
Leonarp HII. 


In collecting the samples of urine precautions were taken to avoid 


contact with air. One end of a thin rubber tube, wetted and collapsed, 


was drawn over the penis; the other end was tied on to the glass tube 


of a mercury receiver fitted with a three-way tap and holding a known 
volume approximately 50 cc. The urine passed into the distensile 
rubber tube was drawn into the receiver by gradually lowering the 
mercury reservoir connected with it, and was expelled from thence up 


the barometer tube which leads into the vacuous froth chamber of the 


Buckmaster-Gardner pump. This admirable modification of the Tépler 


pump has no taps, and all the junctions are sealed in the gas flame. 
The residual air in the glass walls of the pump and in the mercury was 


pumped out by three days’ preliminary evacuation coupred with careful 
of the mercury. 


The gas was received into a eudiometer, the 3 of which had | 


been accurately tested and analysed by the potash-pyro method. 


_ Exp. I. Normal samples of urine gave us the following. The second 
sample was taken in each case on a different day and L. H. (3) 8 at 


a different time of year. 

L. H. () 06177 900405 

(2) 068190 00087 
(8) 00748 000% 

0-982 0-0716 

J. F. T. (i) 0915 be 

(2) 09247 0-104 


+30 Ibs, ( atm. abs) He emptied his bladder and 7 mins. later 


collected Sample I. He was then decompressed to + 10 Ibs. in 3 mins. 


and 6 mins. later collected Sample II. He was then i N to 
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SOOIETY, JAN. 20 
780 Ths. 80549, 90164 % 
* +10 Ibs. 2°859 0-144 1.82 
III +0 lbs. 1609 


The results show considerable N, supersaturation after stage 4. 


compression in the times given (12 mins. in all). 
Exp. III. After drinking a quart of water and exposure to + 30 lbs. 


J. F. T. emptied his bladder and breathed oxygen for 9 mins. and then 


collected Sample I. He was then decompressed to +10 lbs. in 2 mins. 
and 4 mins. later collected Sample II. He was then decompressed to 


+0 Ibs. in 14 mins. and 6 mins. later collected Sample III. He 


breathed oxygen all the time’. 


Sample Pressure Ny O, 
I Ibs. 209107, 0-2970%), 
+10 lbs. 0°8835 901985 
+0 lbs. 0°5751 0:0941 


A repetition of this experiment gave confirmatory results. 
The excess of dissolved nitrogen is rapidly cleared out of the urine 


by breathing oxygen. The oxygen in the urine is ‘increased, but very 


little considering that water exposed to 3 atm. O, at 37 C. would dissolve 


over 6°/,. The tissues use up the oxygen in solution and the pressure of 


oxygen does not increase until the dissolved oxygen is more in amount 
than that used by the tissues. When this happens probably oxygen 
poisoning begins. The practical application of these results to the 
prevention of Caisson sickness is obvious. 

Exp. IV. The following table gives the results of forcibly breathing 


oxygen at atmospheric pressure. The oxygen was breathed from a 


large bag, and expired: into the atmosphere. Wide tubes and mica 
valves were Ses 2,5 with a mouthpiece and nose clip. 


; Period of Period of breathing 
MF. 15 minutes 25 minutes 0-2576 01154 
0˙3159 0˙1052 
M. F. 28 „ 0˙5206 0˙•0709 
J. F. T. „ 0˙3094 0˙1260 
J. F. T. 02856 0-0587 
(2) 24 „ 0°2892 0˙0584 
8) 31 „ 0°04061* 00272 


85 Air was breathed between taking samples 2 and 8. 


1 Bernstein and two others have safely breathed O; at 8 atm. abs. for half an hour. 
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The pulmonary alveolar air was collected at the end of two of these 
| | experiments. It contained (1) 2°63 / CO,, (2) 2°23°/; CO, and approxi- 
¢. mately 10% N, and 87°/,O,. We should expect to find less than 
| ae 0˙1% N, and about 20% O, in water exposed to such an atmosphere. 
~ Ĩ be nitrogen results we have obtained render it doubtful whether the 
4 N, in the blood gets into equilibrium with that in the —— air 
during the passage of the blood through the lungs. | 
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